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ORIGINAL PREFACH. 


Havine been for several years past engaged in the instruction of persons 
dvsigned for, or belonging to the Sea, I have frequently had occasion to 
lament that most of the existing works on Practical Navigation, and 
particularly some that have been very generally circulated, are extremely 
erroneous, both in the instructive and tabular parts, and by no means 
caiculated to answer all the purposes of the Mariner, Teacher, or Pupil. 

With a view to remedy these defects, and to facilitate the acquirement 
of this most important art. and further stimulated by the flattering revep- 
tiou of my former labours. I have ventured to exert my best abilities in 
composing the present work ; and, although I do not mean to arrogat« to 
myself any superior professional merit, yet I humbly apprehend that ay 
long experience and intimate connection with the subject have enabied me, 
in some measure, to form a competent judgment of what is most requisite 
to assist the industrious Mariner in acquiring a knowledge of the practical 
part of Navigation. 

In order to accomplish my intended purpose as effectually as possible T 
have examined. with the greatest attention and caution, the various publi- 
cations that have been written on Navigation, and placing them in a 
comparative point of view, have, I trust, been thence enabled to avoid the 
errors, and to improve the merits, of those who have preceded me in this 
branch of Science. 

That nothing might be wanting to assist the student in his progress 
through the subject, I have commenced with a short treatise on Decimal 
Arithmetic, the nature of which he will find very necessary to be under- 
stood in going through the various computations that follow. In 
Geometry such definitions and problems only are introduced as appear 
most essential. Plane Trigonometry, both right and oblique-angled, being 
the foundation of the Sailings, is treated of at considerable length. Next 
follows Geography, containing a description of the form and magnitude of 
the Earth, with its various real and imaginary divisions, and an explana- 
tion of the nature of latitude and longitude: an account is then given of 
the Instruments used for measuring a Ship's way, with the manner of 
correcting their errors. This finishes the introductory part to Navigation. 

We now proceed to the various Sailings in which the examples are 
resolved by construction, calculation, inspection and Gunter’s Scales; then 
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follows a description of Charts, with the methods of using and constructing 
them. The art of Surveying Coasts and Harbours, being very essential to 
those who visit unknown parts, is treated in a2 manner which it is hoped 
will make its acquisition and practice perfectly easy. 

We come next to the application of Astronomy to Navigation, and here 
I have thought proper to give a short but comprehensive view of the solar 
svstem, where the Earth is considered as a Planet; and have then 
described the various imaginary circles of the sphere. The nature of 
parallax, refraction, &c., are explained under this head. The Theory of 
the Winds and Tides, with the methods of finding the Time of High 
Water. follow next in order. 

The most approved Methods of ascertaining the Latitude and Longitude 
at Sea by Celestial Observations, also the Variation of the Compass by 
Amplitudes and Azimuths. are explained by proper rules and examples: 
there is also given a particular description, with the uses of the various 
Astronomical Instruments employed in taking the observations. In this 
part of the work I have given Mr. Douwes' Rules for computing the 
Latitude by two Altitudes of the Sun, and four different methods of clear- 
ing the Distance, the last of which, invented by Captain Mendoza Rios, 
has the advantage of not requiring any distinction of cases. The method 
of finding the Longitude by a Time-keeper being now much practised, the 
necessary rules and examples are introduced for that purpuse. 

The learner is next led into the Rules for keeping a Journal at Sea, 
wherein are exhibited the Methods of correcting the Courses for Leeway, 
Variation, &c., with general Rules for working a Day’s Work; and the 
whole is illustrated hy separate days’ works, and further by a Journal 
kept from England to Madeira. 

The Explanation of Sea Terms and Technical Phrases, also the substance 
of an Sxamination of a Young Sea Officer in the working and of piloting a 
Ship, I have inserted because, although they may he considered by sume as 
superfluous, and not immediately connected with the subject, they never- 
theless appeared to be of too much importance to others 1o be omitted. 

With respect to the Tables in this Work, I have only to observe here, 
that they are published under the title of “ Nazwtical Tables,” that they 
have been very generally adopted by the Officers in the Navy and in the 
Honourable East India Company's Service, and have received the appruba- 
tion of Navigators in general. 

J W. NORIE. 


Notre.—It may here be observed that Norie’s Complete Epitome of 
Practical Navigation was originally dedicated by permission “to the 
Honourable the Court of Directors of the United Company of Merchants 
of England trading to the East Indies.” 


PREFACE TO THE NEW EDITION 


Tus latest edition of this Epitome has been necessitated by a combination 
of circumstances, which need no description, but which are well known to: 
students of Navigation. 


The inclusion of so much “ new work,”’ together with the remodelling 
of a large portion of the old, afforded an opportunity of rearranging the 
book in a more systematic manner, having due regard to the order in which 
the various subjects fit into each other, and also to the order in which the 
young student of Navigation might, with advantage, pursue his studies, 


It will be observed that those portions of the “' Science of Navigation.” 
which have always been regarded as advanced have been placed towards 
the end of the book, as it was felt that to place too many difficulties in the 
early part of the work often resulted in the complete neglect of the whole 
subject by the young student at sea. who is thrown entirely on his own 
resources when in pursuit of knowledge. 

This work must be regarded as a ‘‘ Standard Work on Navigation ”’ 
rather than a book for cramming purposes, and the student who goes 
diligently through it will be amply rewarded by a thorough knowledge of 


the theory and practice of Navigation, which no system of cramming can 
achieve. 


The following new sections have been inserted in this edition: (rz) 
Spherical Trigonometry (Napier’s Rules for the solution of Right-angled 
and Quadrantal Spherical Triangles); (2) Figure Drawing in Nautical 
Astronomy; (3) Marine Surveying ; (4) Chart Construction ; (5) Theory 
of the Station Pointer and its use; (6) Barometer, Thermometer, and 
Hydrometer ; (7) Reduction to Soundings ; (8) Meteorology ; (9) Deviation 


of the Compass and Compass Adjustment ; and lastly Proofs of certain 
Formule. 


The following sections have been entirely remodelled and improved : 
(rt) Logarithms ; (2) Geometry: (3) Description and Use of Charts; (4) 
The Compass ; (5) The Sextant ; (6) Introduction to Nautical Astronomy ; 
(7) Correction of Courses; (8) Day’s Work; (9) Latitude by Reduction to 
the Meridian (Direct Method); (10) Computation of Altitudes; (rz) 
Latitude by Double Altitudes (Direct Method) ; (x2) Great Circle Sailing. 


By the addition of the Natural Haversine Table to Norie’s Nautical 
‘fables, where it will be found adjacent to the Log. Haversine, it has 
been found possible to replace some very tedious and cumbersome calcula- 
tions by equally sound but much shorter methods. This will be made 


obvious by an examination of the jast method given in the Chronometer 
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Problem, and also in the Computation of Altitudes, and Latitude by Double 
Altitude problems, where its advantages are fully exemplified. _ 


It is earnestly recommended that the young student of Navigation 
should study at an carly stage the principles of Plane Trigonometry, and 
a'so the application of Napier’s Rules for Circular Parts to the solution of 
right-angled spherical trigonometry. 


The practical use of Napier’s Rules for Circular Parts is fully demon- 
strated in the Ex-Meridian, Latitude by Double Altitudes of a Star, and 
Great Circle Sailing problems. 


My thanks are due to Mr. W. R. Courtney for the very able manner in 
which he has assisted me in reading the proofs of this very extended 
Epitome. 


J. W. SAUL. 
London, July, 1917 
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NAVIGATION. 


INTRODUCTION. 


NAVIGATION is the Art which instructs the mariner how to conduct 
a ship over the wide and trackless ocean. from one port to another, with 
the greatest safety, and in the shortest time possible. 

Navigation may be divided into two branches: viz., Seamanship, com- 
prehending the method of managing a vessel by disposing her sails. 
rudder, &c., so that she may move in any assigned course or direction the 
wind or weather will permit; and Navigation Proper (the part we intend 
to treat of in the present work), which comprebends those methods by 
which a mariner determines at any time the situation of his vessel, the 
course she is to be steered, and the distance she has to run, to gain her 
intended port: hence the requisites for a mariner, in order to understand 
this branch of the Nautical Art, are a competent knowledge of the figure 
of the earth, with the various imaginary circles drawn upon it, so as to be 
able to ascertain the distance and situation of places with respect to each 
other; the method of finding the ship's latitude and longitude, either by 
her course and distance run, or by astronomical observations ; the use of 
various instruments, as the log, compass, log-glass, quadrant, sextant, 
chronometer, &c.; the different allowances necessary to be made in 
estimating a ship’s way, as for leeway, the variation and deviation of the 
compass, and currents; the method of finding the time of high water at 
any place; the use of charts, with the method of constructing them: all 
of which particulars, depending upon mathematical and astronomical 
principles, we shall endeavour, in the following pages, to explain and 
illustrate in such a manner as to render every part as clear, concise, and 


methodical as possible. 
L 


TABLES USEFUL IN NAVIGATION AND NAUTICAL 
ASTRONOMY 





MEASURE OF LENGTH 


12 Inches ........- = I Foot. 
3. Feet. fess enk = 1 Yard. 
2 Yards, or 6 Feet = r Fathom. 
Ba0 Vards s6s0 5 ae5% = 1 Furlong. 


8 Furlongs, or 


1760 Yards, or I Statute Mile. 


pecs 


5280 Feet 
3 Miles ......... = I League. 
Go80 Feet .........- = I Nautical Mile. 


SURVEYING AND CHART MEASURE 
roo Fathoms, or} 


GGacbect jocrtrstes: = I Cable. 
10 Cables, or 6000 Feet’ ....= 1 Mile. 
MEASURE OF TIME 

60 Seconds ......- = I Minute. 

60 Minutes ...... = 1 Hour. 

24 Hours ......- = 1 Day. 

7 Days ...----- = 1 Week. 

28, 29, 30, or 31 Days= 1 Calendar Month. 
12 Calendar Months= 1 Year. 
365 Days ........ = 1 Common Year. 
366 Days ........ = 1 Leap-Year. 

x Hour = 60 Minutes = 3600 Seconds. 


24 Hours=1440 Minutes=86400 Seconds. 


NUMBER OF Days IX EacH Moxty 


January 31 | May 31 | September 30 
February 28 | June ..30 , October...3r 
March ..31 | July...3z ; November 30 
April ..30 | August 3r | December 3r 


Or, according to the old rhyme :— 


Thirty days hath September, 

April, June, and November ; 

February hath twenty-cight alone, 
Allthe rest have thirty-one, 

Except in leap-year, and then’s the time 
February’s day's are twenty-nine, 


| Leap-YEar, which gives February 29 


days, may be found by dividing the date of 
the year by four ; if there be no remainder, 
it is Leap-year, and if there be a remainder, 
that remainder is the number of years after 
Leap-year. But if the last two figures of 


| the year are cyphers, then a Leap-year 


will occur only when the first two figures 
are exactly divisible by four, thus the year 
2000 will be a Leap-year. 
ANGULAR MEASURE 
For NAVIGATION AND NAUTICAL 


ASTRONOMY 
60” (seconds) ....... = 1’ (minute). 
60’ (minutes) ....... = 1° (degree). 
go degrees......-... == r quadrant. 
180 degrees....-..... = I semicircle. 
360 deyrees.......... = I circumference. 
r= 60’ = 3600", 
| 360° = 21600’ = 1296000”. 
! DEGREES, etc., IN RELATION TO TIME 
| 300° = 24 Hours. 15° = 1 Hour. 
150° = 12 Hours. 1° = 4 Minutes. 
| go* = 6 Hours. 15/ = I Minute. 
| 60° = 4 Hours. 15” = I Second. 
| FRENCH AND ENGLISH MEASURES 
! Metre Feet Fath. 
Leeee = 328 0... = 0555 
2. = 6560 .... = rog 
| Zea = gdh .... = roy 
4 gaze, SS 13-12 = 219 
5 -eee = IO4O .... = 2°73 
6 .... = -Ig-bg .... = 3°28 
Jive seit 225990 did... = 13:83 
Bo... == 26°25 .... = 4°37 
Q -+-. = 29°53 ..-. = 4:92 
TO .... = 32°81 .... = 5°47 
100 .... = 328-09 = 54°68 


x Milimetre = -03937 inch. 
1 Centimetre = -39371 inch. 


ARITHMETIC OF NAVIGATION 


The Arithmetic of Navigation can be explained in a few pages, and these 
the beginner would do well to carefully read. It is, of course, supposed 
that he is well up in the four rules of simple arithmetic—addition, subtraction, 
multiplication, and division—which are as constantly required in Navigation 
as in daily business transactions. 

Beginning with the arithmetic of the Circle and of Time, it is to be 
noted that the parts of both are divided sexagesimally, or, in other words, 
sixty of a less denomination make owe of a greater. Two short TABLES 
furnish the basis of computation. 


(A) DIvIsiIoNs OF THE CIRCLE, OR ANGULAR MEASURE 


60 seconds”) . . . . make 


- . « Iminute (’) 
60 minutes. . . . © 


Fe ~ « . . I degree (°) 


and these terms are respectively marked °’ ”, so that 5° 51’ 28” is to be read 
5 degrees, 54 minutes, 28 seconds. 


(B) MEASUREMENT OF TIME 


60 seconds (s.). . . . make . . . . I minute (m) 
60 minutes. . . . . es » . . . hour (h.) 


but in this instance the terms are respectively marked h. m. s., so that 
6h. 31m. 24s. is to be read 6 hours, 31 minutes, 24 seconds. 

It will here be perceived that though the lower denominations in both 
tables are known by similar names—seconds and minutes—yet have they 
different signs to distinguish them, and in speaking of them, the former 
are called seconds and minutes of arc, and the latter, seconds and minutes 
of time ; nor are these signs (which represent values) interchangeable, for. 
as will (in due course) be shown, a second of time has fifteen times the 
value of a second of angular measure, and so also as regards the minutes. 

This appears to be the proper place for drawing attention to the ARITH- 
METICAL SiGNns which are most frequently used in computation; they are 
as follows— 


= egual to, is the sign of Equality ; as 60 minutes = I hour ; -that is, 
60 minutes are equal to 1 hour. 

+ plus (more), is the sign of Addition; as 8 + 7 = 15; that is, 8 
added to 7 is equal to 15. 

— minus (less) is the sign of Subtraction ; as 9 — 3 = 6; that is, 9 
lessened by 3 is equal to 6. 

x multiplied by, is the sign of Multiplication ; as g x 12 = 108; that 
is, 9 multiplied by 12 is equal to 108. 

+ divided by, is the sign of Division; as 84 + 12 = 7, that is, 84 
divided by 12 is equal to 7. Divided by is also expressed by 
placing one number over the other; as $4 = 7; that is, 84 
divided by r2 is equal to 7. In all cases, the upper number is to 
be divided by the lower number. 
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4 ARITHMETIC OF NAVIGATION 


ADDITION OF DEGREES, &c., AND TIME 


Note.—It will be sufficient here to remark, once for all, that like 
denominations (as in every other computation of compound quantities) 
must stand directly under each other ; thus, degrees must be placed under 
degrees, ’ under ’, and * under “ ; and similarly hours under hours, minutes 
under minutes, and seconds under seconds. 


RuLe.—Take the sum of the column of seconds and write it down, if less 
than 60 ; if the sum exceeds 60, find how many minutes are contained in 
it, then write down the remaining seconds, and carry the minutes to the 
column of minutes. Next, take the sum of the column of minutes, and 
write it down if less than 60 ;if the sum exceeds 60, find how many degrees 
are contained in it, and write down the remaining minutes, carrying the 
degrees to the column of degrees. Finally, take the sum of the column of 
degrees. 

Proceed in the same manner if the quantities are hours, minutes, and 
seconds, 





HRM Ss. 
(1) 28° 17’ 49° @) 3 46 15 (3) 108° 49’ 
49 30 40 3 48 © 3 52 
79 4 ~=357 3.49 20 Sum 112 41 
Sum 156 53 26 II 23 35 


In (1) the sum of the column of seconds is 146, but we write down 26 and 
carry 2’, because 146” make 2’ 26”; the sum of the column of minutes, with 
2 to carry is 53’, which we write down at once; the sum of the degrees is 
156°. 

The operation is the same in (2) and (3). 


SUBTRACTION OF DEGREES, &c., AND TIME 


RvuLe.—In the lower denominations, when the quantity to be subtracted 
is less than the other, the process is simple ; ifit be greater, we must borrow 
1 of the next higher denomination, which, expressed in terms of the lower, 
is 60. 


HM S. 
(1) From 18° 49’ 30” (2) 16° 19’ 30” (3) 15 8 42 
Take 7 20 I5 2 44 46 5 3 48 
Rem. 11 29 15 13 34 44 10 4 54 


(1) is simple enough. 

(2) requires explanation. In the column of seconds we cannot take 46 
from 30, but by borrowing 1’ (i.e., 60") 30” becomes go’, and 46 from go 
leaves 44°, which write down. Then, having borrowed under the head of 
seconds, we sav 45 from 1g in the column of minutes, but can get no result 
unless we borrow r° (2.e., 60’), and then 45’ from 79’ leaves 34’, which write 
down. Finally, having borrowed in the minute column, carry I to the 2°, 
and say 3° from 16° leaves 13°. 

The principle is the same in the case of hours, minutes, and seconds. 
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In Navigation, it is very often required to take the upper line from the 
lower ; this should be practised, as it does not look well to make a trans- 
position of the quantities. 


(1) Take 76° 0’ 52” - (2) 127° 17’ 41” (3) 275° xx’ 16” 
From g0 o 0 180 0 Oo 360 0 0 
Rem. 13 59 8 52 42 9 84 48 44 | 

In (1) we say 52” from 60” leaves 8”; carry 1 to the minutes, then 1’ 
from 60’ leaves 59’; finally, carry 1 to the degrees, and 77° from go° 
leaves 13°. 

(2) and (3) are operations of a similar character, and it will be perceived 
that 60 is borrowed in each of the lower denominations. 


MULTIPLICATION OF DEGREES, &C., AND TIME 


An example will best explain the method; begin with the column of 
seconds. 


(x) Mult. 48° 46’ 13” (2) Mult. 3x06° 4’ 53” 
By 2 By 4 
Product 97 32 26 424 19 32 


Take (1) : twice 13 are 26, which write down in column of seconds, sinc€ 
26 is less than 60. Twice 46 are g2, but 92’ = 1° 32’; therefore write down 


32 in column of minutes, and carry 1°. Twice 48 are 96, and 1° to carry, 
make 97°. 





DrvIsION OF DEGREES, &C., AND TIME . 


An example will best explain the method ; begin with the degrees, then 
take the minutes, and lastly the seconds. 


(1).—Divide 147° 15’ 40” by 2. (2).—Divide 152° 47’ 36” by 4. 
2) 147° 15’ 40° 4) 152° 47’ 36" 
73 37 50 38 Il 54 


In (1): 2into 147 gives 73 and 1 over (.e., 1° or 60’) ; then 60 and 15 
make 75, and 2 into 75 gives 37’ with 1 over (i.e., 1’ or 60”); finally, 60 
and 40 make 100, and 2 into 100 gives 50”. 


. 





REDUCTION OF DEGREES, &C., AND TIME. . 


An important process in the arithmetic of Angular Measure and Time 
is Reduction, that is the converting or changing a quantity from one 
denomination to another without altering its absolute value. Take an 
example from money : we know that 100 shillings make £5; that is, the 
shillings here indicated have the same value as the pounds ; to get the £5 
we divide the 100 by 20 (since 20 shillings make £1) ; for the reverse process 


ine meee the 5 by 20, which gives us the 100 shillings, hence the follow- 
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GENERAL RULE FOR ReEDuCcTION.—Consider how many of the less 
denomination make one of the greater ; then multiply the higher denomina- 
tion by this number, if the reduction is to be to a less name; or divide the 
lower denomination by it, if the reduction be to a higher name. 

In Angular Measure and in Time (by Tables, p. 3) 60 of the less denomina- 
tion make one of the greater ; hence, as the case requires, we must multiply 
or divide by 60. 


EXAMPLES 
In 5h. 48m. 11s., how many In 505’ how many degrees ? 
seconds ? 6’0) 50°5 
HOM S. ——, 
5 48 x 8° 25 
60 Here, for simplicity, by striking 
348 minutes. off the o from 60, we must also strike 
60 off the unit (last) place from 505 ; 
20891 seconds. | then say 6 into 50 goes 8 times and 2 


Here, 5 multiplied by 60 gives OVE": write down §, and bring down 
300, to whieh ode a8. aa the eat the 5. Placing the 2 before it; the 
is 348 minutes. Then 348 multiplied j result will be 8° 25’. 
by 60 gives 20880, to which add 17, i 
and the final result is 20891 seconds. | 





And similatly for any other 

quantity. Thus, 763 seconds (of 

And similarly for any other quan- | lime) reduced to minutes give 
tity. Thus, 18 42” reduced to “ give | 72™- 435- 


| 
1122”. I 





(z) In 98° 0’ 56” how many ’ (minutes) and * (seconds of arc) ? 
Answer—5880' ; and 352856". 

(2) In 3h. 59m. 14s. how many minutes and seconds ? 
Answer—z239min. ; and 14354 sec. 

(3} In 43062 seconds how many hours ? 
Answer—ith. 57m. 42s. 


Enough has now been said on the arithmetic of the circle and of time, 
and we next proceed to explain the nature of Decimals, without a know- 
ledge of which we should be unable to use either the Nautical Almanac or 
the usual Nautical Tables that aid us in finding a ship’s place from day 
to day. 


DECIMAL ARITHMETIC 


Numbers such as 1, 52, 148, and so on to millions or more, consisting of 
any whole number of units, are called Integers, but when we-speak of a 
nuinber which is a portion of 1, or unity, as of an eighth (4), a quarter (3), 
a third (4), a half (4), two-thirds (%), or three-fourths (#) of anything, say 
of a mile, we mean a fractional part of the mile, and the arithmetic of these 
values is termed Vulgar Fractions. In computations connected with 
Navigation, the same values are expressed decimally—t.e., as Decimal 
Fractions —because by their aid we get better results with fewer figures than 
if we used vulgar fractions. 

Decimal fractions are distinguished by a dot placed before the figure, and 
are read as tenths, hundredths, thousandths, etc., only ; thus -1 stands for 
yo (one-tenth), -3 for 4, (three-tenths), -25 for +5, (twenty-five-hundredths), 
125 for yA%5 (125-thousandths), and so on. 

The relation of Decimal to Vulgar Fractions may be illustrated as 
follows: The vulgar fraction 3, when written decimally, becomes °5, 4.¢., 
ys or 5 divided by 10, because 5 parts of anything that is divided into 10 
parts is the same as one-half of the whole (unit) ; similarly, } becomes a 
decimal in the form of -25, ¢.e., 25 divided by 100, because 25 parts of 100 
parts is the same thing as one-fourth. 

Cyphers after (or affixed to) decimal parts do not alter their value ; thus 
-§,°50, or -500, each express an equal value—viz., 7%, a4, or zfs, t.e., half a 
unit. But cyphers before (or prefixed to) decimal parts decrease the value 
tenfold for each cypher ; thus, while -5 is 7% or 4, -05 is only ygp or vy; and 
similarly -005 becomes yg OF 3$5- 

This explanation is not to be taken as trivial, or out of the course of our 
main subject, because when we come to speak of the Nautical Almanac, we 
shall find most of the corrections extend to hundredths and thousandths. 

Caution.—After what has been written here, avoid a very common error 
in expressing decimal parts ; for instance, never call -75 seventy-five tenths, 
but 75-hundredths ; and never call it decimal seventy-five, but decimal 
seven five. 

Notz.—A Vulgar Fraction may always be turned into a Decimal Fraction, by dividing 
the figure above the line (or numerator) by the figure below the tine (or denominator), affixing 
as many cyphers to the numerator as are required ; thus, } = 4-228 = -125. 

Having explained the nature of decimals, it may now be stated that in 
the arithmetic of Navigation the numbers are not entirely decimals, but in 
the majority of instances consist of whole numbers (or integers) and decimals, 
as when we write 28-8 miles for 28 and 8-tenths of a mile, the figures to the 
deft of the decimal point are integers, and such as are to the right are decimals. 


Addition and Subtraction of Decimals 
RULE.—Addition and subtraction of decimals. are performed exactly 
the same as in whole numbers, observing always to place the decimal 


points so that they may stand directly under one another : and thus figures of 
the same denomination will range properly. 
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8 DECIMAL ARITHMETIC 
Examples in Addition 

















(1) 53-212 (2) 65° (3) 720-1464 (4) 5 
79°464 2463 39° 75 
2°304 19°24 7°246 "253 
I27°414 121-46 259°1703 +582 
262-394 452-00 1025°5627 2:085 
Examples in Subtraction 

(5) 246-25 (6) 75 (7) 176014 = (8): 174" 
19°5 5 29°008 2°561 
22675 25 147°006 171°439 


Norg.—In example (8) as there are no figures in the upper line above 561 (in the lower one), 
000 is considered to be expressed in the upper line, and then the subtraction is made in the 
usual way. 


Multiplication of Decimals 


RULE.—Multiply the given numbers together as if they were whole 
numbers, and point off as many decimals in the product, counting from 
the right hand, as there are decimals in the multiplicand and multiplier 
together. 

When it happens that there are not so many figures in the product 
as there should be decimals, supply the defect by prefixing cyphers on the 
left hand (see Example 3). 








Examples 
(1) Multiplicand = 3-275 (2) "25 (3) 2376 
Multiplier 29°5 "42 0002 
16375 50 4752 
29475 100 14256 
55° *I050 "00147312 





Product 96-6125 


Division of Decimals 


Proceed as in simple division, but introducing cyphers into the dividend 
if required; and then, the division having been made, strike off in the 
quotient as many decimal places as the dividend has decimal places in 
excess of the divisor ; if there are not so many, the defect must be supplied 
by prefixing cyphers. . 

When, after the division, there is a remainder, cyphers may be added 
to the dividend, and the operation continued as before until either there 
be no remainder, or a sufficient degree of exactness has been obtained in 
the quotient. 





Examples 
Divide 612 by 136 Divide 276 by 345 
Divisor. Dividend. Quotieat. Divisor. Dividend. Quotient. 
136) 612-0 (4°5 345) 276-0 (8 
544 275-0 
680 
680 
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Here 136 into 612 goes 4 times, Here the dividend 276 is not 
and leaves remainder 68; to the divisible by 345, except by affixing 
latter is affixed o; then 136 into o; after which the divisor goes 


680 goes 5 times; now the o in 8 times into the dividend; now 
this case is a decimal, and gives the o being a decimal, the 8 in 
the dividend one decimal place in the quotient is also a decimal, 
excess of the divisor; therefore according to the rule. 


the 5 in the quotient is a decimal. 


Divide 7234°5 by 6:5 : Divide 45625 by 12°5 
Divisor. Dividend. Quotient. Divisor. Dividend. Quotient. 
6-5) 7234°5 (1113 12°5) -45625 (0365 
95 375 . 

73 812 
ae : 750 
84 625 
65 625 
195 
195 


Reduction of Decimals 
To reduce a Vulgar Fraction to a Decimal of the same value 


Rure.—Add cyphers at pleasure to the numerator, and divide by the 
denominator; the quotient will be the decimal fraction required. 


Example 
Reduce 4, 4, ¢%, 23 to a decimal fraction. 
k=5, 2= 75, we ='109375, #h =2°5625 
Express the following decimals as vulgar fractions. 
‘7: “75 °0875, 0064 « 
vo roo = be Levon = Hi osb = hbo = whe 


Reduce ¢ of a mile toa decimal Reduce 4§ of a degreé to a decimal 
; fraction. fraction. 
5)4°0 60) 23-000(-383 

8 180 
which is a decimal of the same value 500 
with the proposed vulgar fraction $- 480 
200 

180 ete. 


Every quantity may be considered as a fractio: i 
J s n of a larger quantity of 
oe kind; thus a minute is the 34, of a degree; an techs sis ae a 
oot, etc:; and therefore may be red a io, i 
following eesmiples y uced to a decimal fraction, as in the 
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Reduce xo hours 35 minutes to 
the decimal of a day. 


60)35-0 
24)10-5833(-44097 Answer. 


170 
168 


Reduce I foot 6 inches to the decimal 


of a yard. 
ft. in. ft. 
x 6 3 =I yard 
12 12 


"18 Numerator. 36 Denominator. 
36 ) 18-0 ( -5 Answer. 
180 


Thus, 4% of an inch=°5 or 4 an inch. 


Reduce 24 minutes 20 seconds to the 
decimal of an hour. 


60)20-0 


60)24:333 
40555 Answer. 





Reduce 21’ (minutes) 54” (seconds) 
to the decimal of a degree. 
21’ 54” = 1314” Numerator 
I deg. or 60’ = 3600” Denominator 
3600 ) 1314-000 ( -365 Answer 
10800 





23400 
21600 





18000 
18000 





To find the Value of a Decimal Fraction 


RuLE.—Multiply the decimal by the number of parts of the next 
inferior denomination contained in the integer, pointing off in the product 
as many places for decimals, to the right hand, as the given decirnal consists 
of, and those to the left hand will be an integral number: then multiply 
the remaining decimals by the number of parts contained in the next 


inferior denomination, and point off the decimals as before. 


Proceed 


thus till it be brought to the lowest denomination. 


What is the value of -259 of a league? 


259 
sa 
Miles 797 
8 
Furlongs 6-216 
220 
Yards 47°520 


Answer, 6 furlongs 47°52 yards. 


What is the value of -42 of a degree? 





*42 
60 
Minutes 25-20 
“60 
Seconds 12-00 
Answer, 25’ 12° 
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When tenths of a degree or minute are to be reduced into minutes 
or seconds, it may be expeditiously done by multiplying the tenths by 6, 
and the product will give the minutes or seconds required: for example, 
-5 of a degree multiplied by 6 gives 30 minutes, and -g of a minute, 54 
seconds. 

On the contrary, to reduce minutes and seconds to tenths of a degree 
or minute, divide them by 6. 

The form this rule most commonly takes for the purposes of navigation 
is reduction of seconds to the decimal of a minute, or of minutes to the 
decimal of an hour, generally the latter, as when we have to correct the 
elements taken from the Nautical Almanac for any other time than Greenwich 
noon. 

RULE for reducing a lower denomination to the decimal of a higher one. 
By Table A or B, p. 3, the divisor is 60; therefore write down the given 
number of minutes (or seconds, as the case may be) and divide them by 60. 





Examples 
Reduce 42 minutes to the decimal Reduce 33 minutes to the decimal 
of ar hour. of an hour. 
Go) 42°0 (7 60) 33-0 (-55 
i 300 
300 
Therefore, 42 min. is seven- 300 
tenths of an hour; and if, in this on : . 
case, the given time had been roh. Here we see 33 min. is 557 
42m., we should express it, deci- hundredths of an hour, and if 
mally, as 10-7h., #.e., 10 hours and the given time had been 8h. 33m. 
7-tenths of an hour. we should write 8-55h. 


We can adopt a shorter method of getting the same result, as follows: 
The unit place in the 60 being o, we can reject it if we make the unit placein 
the minutes a decimal; and the divisor is 6. Thus, using the examples 
adove— 

6) 42 6) 3-3 


7 ‘35 


And by a similar process we can make a short table. 


{c) Minutes expressed as the Decimal of an Hour 
min. hour, min. tour, min. hour. 
3 = ‘05 2Il = °35 = +68 
6 = +x 24=-4 oo 
ae plastic ©) 45 = 75 
we a = ar) 48 = 8 
: eee 33 = ‘55 = 8 


57 = °95 
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But the table may be adapted to various denominations. Thus, using 
the column of minutes as seconds, the hour column becomes decimal of a 
minute; or using the column of minutes as minutes (’) of angular measure, 
the hour column becomes decimal of a degree {°) ; for instance, 18’ = 0°-3, 
4.¢., 18’ = 3-tenths of a degree. 

In practice it is sufficiently accurate to use but one decimal place; thus we 
should say 14m. = -2 of an hour, since 14 is nearer to 12 than to 18; but 
16m. = -3 of an hour, because 16 is nearer to 18 than to 12; and so for 
other quantities ; always avoid an excess of figures, for otherwise you may 
“strain at a gnat and swallow a camel.” 


Proportion or Rule of Three 


Problems which have the idea of proportion in them are now usually 
solved by what is called the Unitary Method. 

If the given numbers consist of several denominations, they are to be 
reduced to decimals by the preceding Rules. 


Examples 


Ifa ship sail 49°5 miles in 8 hours, | Suppose a watch or chronometer 
how many miles w:ll she run in 24 ; gain 14 seconds in 5 days 6 hours, | 
hours, supposing her to go at the } how much will it gain in 17 days 15 


same rate ? hours ? 
In 8 hours the ship sails 49-5 miles. 6hours = -25 of a day. 
49°5 15 hours = -625 of a day. 
» hour oe hi c 
8 In 5-25 days the watch gains 14 sec. 
. 495 ene Ti 
» 24hours ,, i age x24,, | » I day the watch gains 5 sec. 
49°5 ; days the 74 
24 m 17625 want gains 5-25 X 17-625 sec. 
1980 14 
Be Z 17°625 
8)1188-0 70500 
Answer 148-5 Miles. | 17625 
1 5°25)246-750(47 Sec. Ans. 
| 2100 
| 3075 
3675 
! 
| 


eee 





LOGARITHMS 


Logarithms are a series of numbers invented, and first published in 
1614, by Lord Napier, Baron of Merchiston in Scotland, for the purpose of 
facilitating troublesome calculations in plane and spherical trigonometry. 
These numbers are so contrived, and adapted to other numbers, that the 
sums and differences of the former shall correspond to, and show, the pro- 
ducts and quotients of the latter. 

Logarithms may be defined to be the numerical exponents of ratios, or 
a series of numbers in arithmetical progression, answering to another series 
of numbers in geometrical progression ; as, 


Thus— 

O:, ix 2. 3. 4. 5. 6. 7. 8. ind. or log. 
KS si 4. 8. 16. 32. 64. 128. 256. geo. prog. 
Or— 

o tf. 2. 3. 4- 5. 6. 7. 8. ind. orlog. 
I. 3- 9- 27. 8x. 243. 729- 2187. 6561. geo. pro. 
Or— 

oO. I 2 3. 4. 5. 6 7. 8. ind. or log. 
I, IO. FOO. 1000. 10000. 00000. 1000000. L0000000. LOOOCC000 geo. pro. 


Whence it is evident that the same indices serve equally for any geo- 
metrical series; and, consequently, there may be an endless variety of 
systems of logarithms to the same common number, by only changing the 
second term 2, 3, or 10, etc., of the geometrical series of whole numbers. 

In these series it is obvious that if any two indices be added together, 
their sum will be the index of that number which is equal to the product 
of the two terms, in the geometrical progression to which those indices 
belong: thus, the indices 2 and 6 being added together make 8; and 
the corresponding terms 4 and 64 to those indices (in the first series), 
being multiplied together, produce 256, which is the number corresponding 
to the index 8. 

It is also obvious that if any one index be subtracted from another the 
difference will be the index of that number which is equal to the quotient 
of the two corresponding terms: thus, the index 8 minus the index 3 = 
5; and the terms corresponding to these indices are 256 and 8, the quotient 
of which, viz., 32, is the number corresponding to the index 5, in the first 
series. 

And, if the logarithm of any number be multiplied by the index of its 
power, the product will be equal to the logarithm of that power ; thus, the 
index, or logarithm of +6, in the first series, is 4; now, if this be multiplied 
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by 2, the product will be 8, which is the logarithm of 256, or the square 
of 16. 

Again: if the logarithm of any number be divided by the index of its 
root, the quotient will be equal to the logarithm of that root: thus, the 
index or logarithm of 256 is 8; now, 8 divided by 2 gives 4, which is 
the logarithm of 16, or the square root of 256, according to the first series. 

The logarithms most convenient for practice are such as are adapted toa 
geometrical series increasing in a tenfold ratio, as in the last of the fore- 
going series ; being those which are generally found in most mathematical 
works, and which are usually called common logarithms, in order to distin- 
guish them from other species of logarithms. 

In this system of logarithms, the index or logarithm of 1 iso; that of 
10 is 1; that of 100 is 2; that of 1000 is 3; that of 10000 is 4; etc., 
etc.; whence it is manifest that the logarithms of the intermediate 
numbers between 1 and 10 must be 0, and some fractional parts ; that of 
a number between ro and 100 must be x, and some fractional parts; and so 
on for any other number ; those fractional parts may be computed by the 
following ‘ 


Rule,—-To the geometrical series I, 10, 100, 1000, 10000 etc., apply the 
arithmetical series 0, I, 2, 3, 4, etc., as logarithms. Find a geometrical 
mean between 1 and 10, or between 10 and 100, or any other two adja- 
cent terms of the series between which the proposed number lies. Between 
the mean thus found and the nearest extreme, find another geometrical mean 
in the same manner, and so on till you arrive at the number whose logarithm 
is sought. Find as many arithmetical means, according to the order in 
which the geometrical ones were found, and they will be the logarithms 
of the said geometrical means, the last of which will be the logarithm of 
the proposed number. 


EXAMPLE.—To compute the Log. of 2 to Eight Places of Decimals— 

Here the proposed number lies between 1 and 10. 

First.—The log. of 1 is 0, and the log. of rois1; thereforeo +I +2 = 
+5 is the arithmetical mean, and Wr X 10 = 3:1622777 is the geometrical 
mean: hence the log. of 31622777 is -5. 

SeconD.—The log. of 1 is 0, and the log. of 3-1622777 is -5; therefore 
o + °°5 + 2 = -25 is the arithmetical mean, and VWI x 3:1622777 = 
1-7782794 the geometrical mean: hence the log. of 1-7782794 is -25. 

THIRD.—The log. of 1-7782794 is :25, and the log. of 3-1622777 
is -5; therefore -25 + -5 + 2 = -375 is the arithmetical mean, and 
/1-7782794 X 3°1622777 = 23713741 the geometrical mean: hence the 
log. of 2-371374I is -375. ? 

FourtTu.—The log. of 1-7782794 is -25, and the log. of 2:3713741 is 
+375; therefore -25 + -375 + 2 = -3125 is the arithmetical mean, and 
V¥-7782794 X 23713741 = 20535252 the geometrical mean: hence the 
log. of 2-0535252 is -3125. 

Firtu.—The log. of 1-7782794 is -25, and the log. of 2-0535252 is -3125; 
therefore -25 + °3125 + 2 = -28125 is the arithmetical mean, and 





LOGARITHMS 15 


1-7782794 X 2:0535252 = I-9109530 the geometrical mean: hence the 
log. of 1-9109530 is -28125. 

StxTH.—The log. of 1-9109530 is -28125, and the log. of 2-0535252 is 
+3125 ; therefore -28125 + -3125 + 2 = ‘296875 is the arithmetical mean, 
and W1-9109530 X 2:0535252 = 1:9809568 the geometrical mean: hence 
the log. of 1-9809568 is :296875. 

SEVENTH.—The log. of 1-9809568 is -296875, and the log. of 2:0535252 
is -3125; therefore -296875 + -3125 + 2 = -3046875 is the arithmetical 
mean, and V1-9809568 x 2-0535252 = 2-0169146 the geometrical mean: 
hence the log. of 2:0169146 is -3046875. 

EtcHTH.—The log. of 2-0169146 is -3046875, and the log. of 1-9809568 
is -296875; therefore -3046875 + ‘296875 + 2 = -30078125 is the arith- 
metical mean, and W2-0169146 x 1-9809568 = 1-9988548 the geometrical 
mean : hence the log. of 1-9988548 is -30078125. 

Proceeding in this manner, it will be found, after 25 extractions, that the 
log. of 19999999 is -30103000; and since 1-9999999 may be considered as 
veing essentially equal to 2 in all the practical purposes to which it can be 
applied, therefore the log. of 2 is -30103000. 

If the log. of 3 be determined, in the same manner, it will be found that 
the twenty-fifth arithmetical mean will be -47712125, and the geometrical 
mean 2-9999999 ; and since this may be considered as being in every respect 
equal to 3, therefore the log. of 3 is 47712125. 

Now, from the logs. of 2 and 3, thus found, and the log. of 10, which is 
given = 1, a great many other logarithms may be readily raised ; because 
the sum of the logs. of any two numbers gives the log. of their product ; and 
the difference of their logs. the log. of the quotient ; the log. of any number, 
being multiplied by 2, will give the log. of the square of that number; or, 
multiplied by 3, will give the log. of its cube ; as in the following examples— 


EXAMPLES 
(1) To find the Log. of 4— 


To the log. of 2 = 
Add the log. of 2 = 


+30 103000 








Sum is the log. of 4 = “60 20600C 
(2) To find the log. of 5— 

From the log. of Io = 1:00000000 

Take the log of 2 = +30 103000 

Rem. is the log. of 5 = 69897000 | 
(3) To find the log. of 6— 

To the log of 3 = ‘47712125 

Add the log. of 2 = +39 10 3000 

Sum is the log. of 6 = 77915125 
(4) To find the log. of 8-—— 

To the log. of 4 = 60206000 | 

Add the log. of 2 = +30 103000 

Sum is the log. of 8 = “90309000 





EXAMPLES 

_ (5) To find the log. of g— 

To the log. of 3 = "47712125 
-30103000 | Add the log. of 3 = “47712125 

Sum is the log. of 9 = 95424250 

(6) To find the log. of 15— 

To the log. of 5 = 69897000 

Add the log. of 3 = "47712125 

Sum is the log. of 15 = 117609125 


(7) To find the log. of 81 = the 
square of g— 
Log. of 9 = "95424250 
Multiply by 2 
Product is the log. of Sr = 1-gu848500 


(8) To find the log. of 729 = the 
cube of g— 


Log. of 9 = "95424250 
Multiply by 3 


Product is the log. of 729 = 2-86272750 
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Since the odd numbers 7, II, 13, 17, 19, 23, 29, ete., cannot be exactly 
deduced from the multiplication or division of any two numbers, the logs. 
of those must be computed in accordance with the rule by which the logs. of 
2 and 3 were obtained ; after witich the labour attending the construction of 
a table of logarithms will be greatly diminished, because the principal part 
of the numbers may then be very readily found by addition, subtraction, 
and composition. 

Having shown the construction of the Tables of Logarithms, we shall 
now proceed to the manner of using them. : 


PROPERTIES OF LOGARITHMS 


it being understood that when we write or say 4, or 56, or 749, or 
8476, and so forth to any extent, we mean that we are giving expression 
to integers (or whole numbers) which may consist of any number of figures 
(or digits) ranging from one to millions or more. 

On the other hand, if we say or write five-tenths and express it by a 
figure, thus, -5; or again, if we say five-hundredths and write it as -05; 
and yet further, if we say thirty-seven hundredths and write it as -37, 
we are giving expression to a decimal fraction. 

And again, if we write 37-04 or 349-67, we have numbers that are partly 
integers and partly decimals; the figures to the left of the dot (or deci- 
mal point) being the integers, and those to the right of the dot being 
decimals, All these are natural numbers, or such as appertain to common 
arithmetic. 

The table in Norie’s “ Epitome” to which the following remarks 
apply is the Table of Logs., and to it we direct special attention. In the 
first part of it you will see a column marked “ No.” and by its side another 
column marked “ Log.” The meaning of ‘‘ No.” is “‘ number,” and ‘ Log.”’ 
is the abbreviation for logarithm. You will also see that the numbers 
run from r to 100, and that there is a logarithm corresponding to each 
number, and standing by its side— 


Thus, No. 8 has for its Log. 0-903090 
No. 49 has 3 I-690196, and 
No. roo has 4 2000000 


It is important to note this, for you will see that each logarithm consists 
of two parts, viz., a figure to the left of the decimal point, and six 
figures to the right of the decimal point. The figure to the left is called the 
index, and the figures to the right are the mantissa, or, in a plain word, 
decimals. 

Tf you now look in Table of Logs to the numbers beyond x00, you will 
see that the logarithmic columns by the side of the numbers have no index, 
but only the decimal part, and for this reason,—that though no logarithm 
is complete without an index and a decimal part, the index is readily 
supplied according to a fixed rule, and one very easily to be remembered. 

RULE FOR THE INDEX.—-The index of a logarithm is always less by one 
than the number of figures (or digits) in the integer or whole number. On 
this basis you will see that the number 8 has index 0; number 49 has index 
1; and number 100 has index z. In a similar way number 300 or 465 
would have index 2; number 4876 would have index 3; and number 


~-— — 


- 
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73687 would have index 4; also number 3400757 would have index 6. 
Now, using 3400756 as a special illustration of the rule, we see that it 
consists of seven figures or digits; one less than seven is six, hence 6 is 
the logarithmic index of the number. Similarly 49 consists of two figures ; 
one less than two is one; hence 49 has I for its logarithmic index. 

If the number is partly an integer and partly a decimal, as 84-674, then the 
number of figures in the integer (or to the left hand of the dot or decimal 
point) only is counted to give the index ; and as 84 consists of two figures, 
we have I for the index: similarly 846-74 gives index 2; and 8-4674 gives 
index o. : 

If the number is entirely decimal, the index of the logarithm is properly 
negative ; thus the index of the logarithm of -9, or of -94, or of -949, is 
— I (minus one); the index of -09, or -094, or of -0949, is — 2; also of 
-009, or 0094, the index is —.3. But to avoid confusion in the addition 
and subtraction of indices of different characters it is customary to use 
the arithmetical complement (that is, the number subtracted from 10) of 
the negative indices, and consider these complements as positive ; hence 
for — I we say 9; for — 2 we say 8; for — 3 we say 7, and so on; 
since 9 is the arithmetical complement of 10 lessened by 1; and 8 is the 
arithmetical complement of x0 lessened by 2, etc.— 


Thus we have for 8764 the index 3 


ps » 876-4 im 32 
» ” 87°64 eo OT 
” ” 8-764 » ° 
” ” 8764 ” gQor—T1 
i 7 08764 ,, 8or—2 
7 » 008764 » 7Or—3 


When you read further on you will see that the decimal part of the 
logarithm of 8764 is -942702, and if we complete the logarithm by prefixing 
its index, we get— 


For number 8764 the completed log is 3:942702 
876-4 ” 2°942702 

87-64 a 1+942702 

8-764 s 0°942702 

"8764 » 9°942702 

108764 as 8-942702 

008764 » 7°942702 


From these numbers with their accompanying logarithms we also learn 
another fact, viz., that the same significant figures (as 8764), whether 
they are whole numbers, or partly whole and partly decimal, or entirely 
decimal, give the same logarithm in so far as its decimal part is concerned : 
the only change is in the index of the logarithm. 

It, therefore, follows that the index of a logarithm must be known before 
any definite value can be assigned to the corresponding natural number. 
For example, the logarithm of 8764 is 942702, and if the index of the 
logarithm be 3 the natural number will be 8764, and if the index be 1 the 
aged number will be 87-64; but if the index be 6 the natural number will 
an 74000. Jt will thus be seen that the number of figures in the whole 

mber is one more than the number indicated by the index. 


1S LOGARITHMS 

Example.—Required the logarithm of 25047. First, look in the left- 
hand column for 250; opposite to this, in the column with 4 at the top, 
is the decimal part of the logarithm, which is -398634; in the right-hand 
column is the difference 173; this multiplied by 7, the fifth figure, gives 
1211; from which cut off the last figure, and the remainder 121 added 
to -398634 will give, with the proper index prefixed, 4-398755, the logarithm 
required. 


In the same manner the logarithm of 598765 will be found to 4 
5° 777250 ; obtained as follows— 





Diff... 73 The Log. of 5987 in the Table of Logs.is.. 777209 
Mult. by 65 Increase for 65, the excess figures = + 47 
365 Therefore the Log. of 598765 is .... 5°777256 
438 
47°45 


Here, in getting the correction for 65, two figures are cut off to the 
right because we have multiplied the difference by two figures; and 
having added 47 (the figures to the left) to the logarithm of 5987 we 
get the decimal part of the required logarithm ; and finish by prefixing 
the proper index, which in this case is 5 because 5958765 is a whole 
number, and consists of six figures. But the logarithm of 598-765 would 
be 2-777256. 


N.B.—When correcting logarithms for the number of figures in excess 
of four, always cut off as many figures on the right-hand side as you 
multiply by. 








” 
For example, find the logarithm of 1746007—- 
Diff. .. 249 Log. 1746 = 242044 
007 Increase for 007 = + 2 
743 .*. the Log. 174007 = 6242046 
Find the logarithm of 374909— 
Diff. .. 116 The Log. of 3749 is ..--..... sae * 573915 
Mult. by 09 Increase for 09 ....-.- eee eee e cena + 10 
10-44 Log. Of 374909... . erect eer eee eeeee 5573925 


The index 5 being supplied on the basis that there are, six figures in the 
whole number, and the proper decimal part of the logarithm being found 
through the column of differences, as before. Similarly, the logarithm of 
374:gog would be 2573925. 


eee 
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To find the number corresponding to a given Logarithm 


If the Logarithm is found exactly, the corresponding number is taken 
out at once ; thus, seek for the logarithm in the Log. Tables and take out 


7 


its numerical value in column “ No.” 


For Log. 0000000 the number is ......-- I 
-  0°845098 Bie | sighs wceceases 7 
I°518514 ive} acabtegcvese 33 
2°000000 SM pata eeete 100 

2°210397 si ee 159 

37203848 Se | Sateen 1599 
4:203848 eR | lan aate Soop eRe I594y0 
5203848 chr (ei teeevae 159900 


Examples for Practice 
Find the Logarithms for the following Numbers— 





(x) 7 (4) 8470 (7) 67492 (x0) ‘897 

(2) 59 (5) 8479 (8) 65208 (xx) 0764 

(3) 785 (6) 67490 (9) 468219 (12) "0059 
Answers-— 


(2) 1-770852 : (5) 3°928345 (8) 4814301 (xz) 8-883093 


(x) 0845098 | (4) 3:927883 | (7) 4829252 | (10) 9°952792 
(3) 2-894870 | (6) 4-829239 | (9) 5670449 (12) 7-770852 


Find the Numbers corresponding to the following Logarithms— 





(1) 0°000000 (4) 2037426 (7) 3:000000 | (10) 4809654 
(2) 0903090 (5) | 2°201397 | (8) 3543323 (Ir) 3-6 49ro4r 
(3) 959045 (6) — 3:380030 (9) 4911232 | (12) 9650016 
Answers — 

(x) x | (4) 10g (7) 1000 (10) 64514 
(2) 8 (5) 159 | (8) 3494 (tt) 4457°598 
(3) gi (6) 2399 (9) 81514 (12) ‘4467 





To find the Arithmetical Complement of a Logarithm 


The arithmetical complement of a logarithm is the number it wants. 
of I0-000000 ; and the easiest way to find it is, beginning at the left hand, 
to subtract every figure from 9, except the last significant figure, .which is. 
to be taken from ro. Thus the arithmetical complement of 4-478309 is. 
5521691: it is frequently used in the Rule of Proportion, and in 
trigonometrical calculations, to change subtraction into addition. 


Accuracy of Logarithms 


As regards the accuracy of logarithms to six places, they cannot be taker 
out correctly for numbers in excess of 435000, because the difference then 


ceases to change at the rate of 100 for 1 in the fourth figure. c2 
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MULTIPLICATION BY LOGARITHMS 


The logarithm of the product of any two numbers is equal to the sum 
of their logarithms. 


Let », 2, be any two numbers, J, 1’, their logarithms. 
Then log... (n x #)=14+0 


RvuLe.—Add together the logarithms (Table of Logs.) of the t-vo num- 
bers to be multiplied and their sum will be a logarithm, the natural number 
corresponding to which will be the product required : if either the multi- 
plicand or multiplier, or both of them, should consist wholly of decimals, 
and the index of the sum exceed Io, reject the 10, and the remainder will 
be the index of the logarithm answering to the product. 








EXAMPLES 

Multiply 25 Log. 1397940 | Multiply 23:2 Log. 1-365488 
by 3 Log. 0-477121 by 6 Log. 9778151 
Product 75 Log. 1875061 Product 13°92 Log. 1-143639 
Multiply 371 Log. 2-569374 Multiply -246 Log. 9:390935 
by 25 Log. 1°397940 by 7oo Log. 2:8450g8 
Product 9275 Log. 3-967314 1 Product 172-2 Log. 2:236033 

Diff. 259 Multiply 1675°6 Log. 3:224170 

6 by 35 Log. 1-544068 

Corr. for 6 = 155*4 Product 58646 Log. 4-768238 


—— 768194 





1675 Log. ‘224015 
‘Corr. for 6 + 155 74)440(6 





1675°6 Log. 3°224170 444 
Examples for Practice 

(x) Multiply 87 by 96 1 (4) Multiply 385-5 by 28-4 

(2) a 649 by 84 | (5) a 19°48 by 165 

(3) » 3876 by 50 i @ “ 48708 by -55 

Answers— 


(1) Log. 3-921790 gives 8352 | (4) Log. 4°039342 gives 10948-2 
(2) ,, 4736524 . 54516.| (5) »» 1507073. ,, 32-142 
(3) a 5°287354 ” 193800 t (6) ” 4427963 ” 267894 


Note.—In all these problems, if the resulting logarithm differs from 
a logarithm in the Tables by no more than 1, the number corresponding 
to the tabular logarithm may be generally taken as the correct answer ; 
thus logarithm 3-763876 or 3-763878 gives natural No. 5806. : 
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DIVISION BY LOGARITHMS 
The logarithm of the quotient of any two numbers is equal to the 
difference of their logarithms. 


Let n,n, be any two numbers, /, /’, their logarithms. 


Then log. wt =1-—1*, 


Ru.Le.—From the logarithm of the dividend subtract the logarithm of the 
divisor, and the remainder will be a Jogarithm, whose corresponding number 
will be the quotient required. When the index of the divisor exceeds 
that of the dividend, borrow ro, and the remainder will be the index of 
the quotient. 


EXAMPLES 
Divide 75 Log. 1°875061 Divide 1392 Log. 2°143639 
by 3 Log. 0-477121 by 6 = Log. 9778151 





Quotient 25 Log. 1397940 Quotient 232 Log. 2:365488 


Divide 927500 Log. 5:967314 Divide 701722 ~— Log. 8-236033 
by 250 Log. 2397940 by 707 ~—- Log. 8-845098 


Quotient 3710 Log. 3°569374 Quotient 246 Log. 9°390935 

















Diff. 176 Divide 247296 Log. 5-393217 
96 by “06 Log. 8-778151 
1056 Quotient 4121600 Log. 0-615066 
1584 615003 
168°y6 ; 105)63000(600 
er 630 
2472 Log. 393048 
Corr. fer 96 + 169 090 
247296 Log. 5°393217 
Examples for Practice 
(1) Divide 1728 by 12 (4) Divide 1000 by :99 
{2) ” 10065 by 55 (5) ” 75026 by 25 
(3) ” 72728 by 4 (6) z 8007 by -o8007 
Answers — 
{t) Log. 2-158363 gives 144 (4) Log. 3004365 gives x10r0-r 
(2) ,, 2262451, 183 (5) 4, 5°477272 4, 300104 
(3) 4 4259642 ,, 18182 (6) ,, 5000000 =,,_- L00000 
INYOLUTION 


_  Involution is the raising of powers from a iven 

is multiplied by itself, the product is called 5 aay : Ait Oa 
when this product is multiplied by the given number, the last product 
is called its third power, or cube ; and when the multiplication is again 
repeated, the fourth power, and so on. The first power, or number thus 
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raised, is called the root, and the number of the power to which the givem 
number is raised, the index of that power: hence, to raise or involve a 
number to a given power, multiply its logarithm by the index of the power 
to which it is to be raised, and the product will be the logarithm of the 
power sought. 

When the given number is a decimal fraction, reject the tens resulting 
from the multiplication of the index of the logarithm by the power. 

Involution is expressed in the following manner: 10? means the square 
of ro, 10° means the cube of 10, 10‘ means the fourth power of 10, and 
so on. 


The logarithm of the power of any number is equal to the logarithm. 
of the number multiplied by the index of the power, 


Formula,— 


r 
Log. M = Log. M xr. 
where M = any number, ard r any power. 


EXAMPLES 


of 15. 


Required the square, or 2nd power | Required the square of ‘174. 
15 Log. 1-170091 j 
2 


174 Log. 9-240549 
2 





Reqd. Power 225 Log. 2-352182 Reqd. Power -030276 Log. 8-4810098: 


Required the ene or 3rd power Required the 5th power of -2. 
of 2:5. 

2°5 Log. 0-397940 2 Log. 9:301030: 

Index: cere cee ee 3 Index’, 6 icaPae ese. ? 5 


Reqd. Power 15-625 Log. 1193820 | Reqd. Power ‘00032 Log. 6°505150- 


Examples for Practice 
(t) Required the cube of 3-725. (3) Find the value of (12-75)? 
(2) Required the square of -0975. | (4) Find the value of (-375)* 


Answers— 


(t) 51-687 | (3) 162.56 
(2) -0095063 (4) 052734 


EYOLUTION 


Evolution is the extracting of the root of a given number, or finding 
a number.which, when raised to the given power, will produce the given 
number : it is consequently the reverse of involution, and is performed 
by dividing the logarithm of the number by the index of the power, and 
the quotient will be the logarithm of the root required, 


a 
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When the given number is a decimal fraction, prefix to the index 
of its logarithm a figure less by one than the index of the root, and divide 
the whole by the index of the root. See the two examples of decimals below. 


Evolution is expressed in the following manner. 4/10 means the square 
root of to, / ro means the cube root of 10,and so on. It is also expressed 
in fractional indices, thus ro! means the square root of 10, 10! means the 
cube root of 10, and so on. 


The logarithm of the root of any number is equal to the logarithm of 
the number divided by the index of the root. 


Formula.— 
Log. “/M = Log. M +m 


where M = any number, and */ the required root. 


EXAMPLES 
Required the square root of 225. Required the square, or 2nd root 
of -030276. 
225 Log. 2)2:352182 030276 Log. 2)18-481098 
Reqd. Root 15 Log. 1:176091 Reqd. Root -174 Log. 9240549 
Required the cube root of 15-625. Required the 5th root of -00032. 
15625 Log. 3)1:193820 00032 =Log. 5)46-505150 
Reqd. Root 2°5. Log. 0°397940 Reqd. Root -2 Log. 9:301030 


Examples for Practice 


(1) Required the square root of 20-736. | (3) Find the value of «/ 1728. 


(2) Required the cube root of -003375. (4) Find the value of -6561* 
Answer s— 
(1) 4°5537 | (3) 12 
(2) 35 (4) -9 
PROPORTION 


Rure.—Add together the logarithms of the quantities multiplied 
_ together, and subtract the logarithm of the divisor. 


_Or, add together the logarithm of the quantities multiplied and the 
arithmetical complement of the divisor. 


LOGARITHMS 


EXAMPLES 


If a ship sail 49°5 miles in & 
hours, how many miles will she run 
in 24 hours, supposing her to go at 
the same rate ? 











24 Log. 1-3802rr 
49'5 Log. 1-694605 
Sum 3-074816 

8 Log. 0-903090 
148-5 miles Log. 2°171726 

Or thus, 

24 Log. 1:380211 
495 Log. 1-694605 
8 Arith. Co. Log. g:096910 
48-5 miles Log. 2°171726 


Suppose a watch or chronometer 
gain 14 seconds in 5 days 6 hours, 
how much will it gain in 17 days 
15 hours? 


17°625 Log. 1:246r12g 

14 Log. x-146128 

Sum 2-392257 

5°25 Log. 0-720159. 

47 seconds Log. 1-672098 
Or thus, 

17°625 Log. 1:246129 


Log. 1-146128 


14 
| 5°25 Arith. Co. Log. 9:279841 
| 47 seconds Log. 1-67209§ 


GEOMETRY 


GEOMETRY * is the science which treats of extension, or form; that is extent 
of distance, extent of surface, and extent of capacity, or solid content. 


DEFINITIONS 
I 
A SOLID is a magnitude which has length, breadth, and thickness. 


II 


A SURFACE, or SUPERFICIES, is the boundary of a solid, and has length and 
breadth only. 


Ill 
A LinE is the boundary of a surface, and has length only. 


IV 


A PornT is that which has no dimensions of any kind—neither length, nor 
breadth, nor thickness ; it has position, but not magnitude, being the extremity 
ofa line. 


v 


A STRAIGHT LINE, or RicnT LINE, is that which lies 
evenly between its extreme points, without changing its 
direction, and is the nearest distance between the two points that terminate it, 


as A B. 
Note,—When the word “ line ”’ is used, it is understood to be a séraighé line, and is generally 
expressed by two letters at its extremes. 





A B 


Vi 


A Curvep Linz is that which iscontinually changing | — = 
its directi c a He 
its direction, as C D. 


vir 
PARALLEL Lines are such as extend in the same 2 
direction, being in every part at the same distance from 
D 





each other, and which, if infinitely produced, would never 
meet ; as the lines A Band C D. 


VII 
_A PLANE SURFACE, or PLANE, is that with which a straight line will wholly 
coincide when drawn between any two points on it. 


* Geometry (derived from two Greck words signifying land and to measure) originally 
meant nothing more than the measurement of land. The Egyptians are credited with its 
eon, as they had recourse to it in order to ascertain the effaced boundaries of their land 

| € annual inundations of the Nile ; but the Science, in its present extended sense, con- 
stitutes the foundation of Mathematics. ‘ F 
25 
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IX 6 
A CIRCLE is a plane figure bounded by a curved line, ya 
cilled the CIRCUMFERENCE, as A B D, which is in every 
pait equally distant from a point within it, called the 
CENTRE, as C; it is formed by the revolution of a line 
about one of its extremities, which remains fixed. c 
The circumference is often called the circle; but 


properly the circle is the space contained within the cir- , 
cumference. eee 


The circumference of a circle is divided into 360 equal parts, called DEGREES, 
which are subdivided into minutes and seconds (sce p. 3). It is also divided 
into 32 equal parts of 11° 15’ each, which are called the PoINTS OF THE Compass, 


x F 
an ARC of a circle is any part of the circumference, 
as DFE. s E 


«A Cuorp isa line joining the ends of an Arc,asD E+ } } 
thus the line D E is the chord of the arc D F E. i i 
A SEGMENT is a portion of a circle cut off byachord; +, : z 
and in this case divides the circle into two unequal parts, he a 
as D FEandDGE. Np aezi 23 
G 


XI 


G 
A DraMETER is a straight line drawn through the 
centre of a circle, and terminated at both ends by the 
circumference, as A C B; it divides the circle into two | 


equal furis, called SEMICIRCLES, as AG Band AFB; ».._'__lp 
a semicircie contains 180°. 4 £ ; 
A Qvaprant is half a semicircle, or the fourth / 
part of the whole circle, as A C G or GC B;a 6,0 Pd 
quadrant contains go°. Tear 


A Raptvs, or SEMIDIAMETER, is a straight line drawn from the centre to any 
part of the circumference, and is the extent taken in the compasses to describe a 
circle, as C A, C G, or C B. 






XII J 
A SECTOR ofa circleis any part of a circle comprehended i 


between two radii and their included arc, as A C B. j 


XIII - 
An ANGLE is the inclination or opening of two straight 
lines meeting in a point : the point where they mect is called 
the AXGULAR POINT, as A; and the lines that include the . 
angle are the SIDES or LEGS, as A B, or AC. 
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An angle is sometimes expressed by three letters, the middle one always 
denoting the angular point, and the other two the legs that include it ; but 
generally by the letter at the angular point only; as the angle B A C, or the 
angle A, 


XIV, 
An angle is measured by an arc of a circle contained 
between its legs, making the angular point thecentreofthe @ 
circle ; thus the arc A B is the measure of the angle A C B. A 





Increase or decrease in the length of the legs does not alter the angle, as the 
length of the lines is in no way connected with their direction towards each other. 


XV 


eal 

Angles are said to be equal to each other when the arcs A 
that measure them are equal, thus the angle D E F and the 
angle A C B (in Def. XIV.) are equal, since the arcs D F and E 1 
A Bare equal. et. aE 

XVI Qe — 

One angle is greater or less than another angle, accord- te 
ing as the arc between its legs is greater or less; thus the \ 
angie G H | is greater than the angles AC Bor DE F (in i 
Def. XIV. and XV.). ae 

XVII 


As all circles are divided into 360 equal parts, called degrees, etc., a certain 
number of these divisions will be cuntained between the two legs of the angle; 
therefore an angle is said to measure as many degrees, minutes, etc., as are con- 
tained in the arc between the legs. 


The arc which measures an angle may be described with any radius ; for, since 
the whole circumference of every circle is supposed to be divided into the same 
number of parts, it hence follows that the divisions will be greater or less in the 
same proportion as the whole circumference. 


XVIII 


A RiGHT ANGLE.—When one line falls upon another, 
so as to make the angles on each side of it equal, it is 
Called a PERPENDICULAR; and the angles formed by 
these lines, as the angles AC D, DC B, are called RIGHT . 
ANGLES. Now as the semicircle A D B contains 180 
degrees (the half of 360), all right angles will contain an 
arc 2 go degrees, equal to the fourth part of the whole 
circle. , 





4 


XIX 


An ACUTE ANGLE is that which contains less than a tight 
“angle, or go degrees, as the angle C A B. 
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XX 


An OstuseE ANGLEis that which contains more than 
a right angle, or go degrees, as the angle F D E. 


Acute and obtuse angles are called OBLIQUE ANGLES. 





XXI 


A PLANE TRIANGLE is a figure bounded by three right lines, and conti.ins 
three angles, of which there are several kinds, both with respect to their sides 
and angles. 


XXII 


An EQUILATERAL TRIANGLE is that which has its three 
sides equal to one another, as A BG 


XXIII F 


An Isoscetes TRIANGLE is that which bas only 
two of its sides equal, as D E F. I 
po 


! 
XXIV 
A SCALENE TRIANGLE is that which has all its 
sides unequal, as G H I. 
G H 


XXV 
A RIGHT ANGLED TRIANGLE is that which has one 
of its angles a right angle, or containing go degrees, as 
the angle A : the side opposite the right angle is called 
the HyPoTHENUSE, as B C; and of the other two sides 
or LEGs, that which stands upright is the PERPENDICU- 
LAR, as A C; and the other is the Base, as B A. 








XXVI 


An ACUTE ANGLED TRIANGLE is that which has all 
its angles acute. as DE fF. 


: z 
° 
. XXVII 
An OBTUSE ANGLED TRIANGLE is that which has one 
of its angles obtuse, as the angle H in the triangle G H I. 
G H 
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XXVUI 


All triangles that are not right angled, whether they are acute or obtuse, are, 
fn general terms, called OBLIQUE ANGLED TRIANGLES, without any other dis- 
tinction. 

Also, the three sides of a triangle are frequently distinguished by giving to one 
of them the name of base, in which case the other two are called the two sides, and 
the angular point opposite to the base is called the vertex (or summit). In an 
isosceles triangle the vertex is the angular point between the two equal sides, and 
the dase the side opposite to it. 


XXIX 


The SrnE of anarc is a line drawn from one ex- 
tremity of the arc, perpendicular toa diameter drawn / 
to the other extremity, and is equal to half the chord - 3 
of double the arc: thus D E is the sine of the arc 
D B, and is equal to half the chord D I, which is the 
chord of the arc D B I—the double of the arc D B. 









The VERSED Sine of an arc is that part of a diameter contained between the 
sine and the arc; thus E B is the versed sine of the arc D B; and E L is some- 
times called the SUVERSED SINE. 


The TaxGENT of an arc is a line drawn perpendicular to the end of a diameter 
passing through one extremity of the arc, and continued till it meets a line drawn 
from the centre through the other end of the arc; thus A B is the tangent of the 
arc D B. 


The SecanT of an arc is a line drawn from the centre of the circle through one 
end of the arc, till it meets the tangent drawn from the other end ; thus C A is the 
secant of the arc D B. 


The CoMPLEMENT of an arc is what it wants of a right angle, or go degrees ; 
thus G D is the complement of D B, or D Bof DG. 


The SuPPLEMENT of an arc is what it wants of two right angles, or 180 degrees; 
thus L D is the supplement of D B, or D Bof LD. 


The Co-stInE, CO-TANGENT, CO-SECANT, and CO-VERSED SINE of an arc, are 
the sine, tangent, secant, and versed sine of the complement of that arc; Co. 
being a contraction of the word complement: thus D F is the cosine, G H the 
cotangent, C H the cosecant, and G F the coversed sine of the arc D B; being 
the sine, tangent, etc., of the arc D G, the complement of the arc D B. 


The sine, tangent, and secant of anarc, as of D B, is likewise the sine, tangent, 
and secant of the supplement of that arc, as of L D. 


An angle being measured by an arc of a circle (see Def. XIV.), the sine, tangent, 
etc., of an arc is the sine, tangent, etc., of the angle which is measured by the arc, 
or of the degrees and minutes, etc., that the arc contains ; hence, supposing the 
arc D B, which measures the angle D C B, to contain 50 degrees, the lines D E, 
AB, AC, and E B, will be respectively the sine, tangent, secant, and versed sine 
of the angle A C B, or of 50 degrees ; and consequently the cosine, cotangent, 
cosecant, and coversed sine, of the angle G C D,- or of 40 degrees, which is the 
complement of 50 degrees. 
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PROBLEM I 
To divide a given Line A B into two equal Parts 


Take any extent in the compasses greater 
than half the line A B, and with one foot in B 
describe an arc; with the same radius, and one 
foot in A, describe an arc cutting the former in 
C and D; through C and D draw a line; and 
this line will divide the given line A B into two 
equal parts at the point E. 

In this manner any arc of a circle may 
be divided into two equal parts 


PROBLEM II 
From a given Point C, in a given Line A B, 


Case 1st. When the given point C is near 
the middle of the line A B. 

With one foot of the compasses in C, at any 
distance, draw an arccutting the line A Bin D 
and E; from the points D and E, with any dis- 
tance greater than C Eor CD, describe two arcs 
cutting each other in F; through the points F 
and C draw the line I C, and it will be perpen- 
dicular to the given line A B. 


Case 2nd. When the given point C is at, or 
near the end of the line A B. 

Take any point out of the line, as D, and 
with the distance D C describe a circle, cut- 
ting the line A B in E and C; through the 
centre D and the point E draw the line E F, 
cutting the circle in F; then a line drawn 
through F and C will be the perpendicular 
required. 

Or thus; Describe the are D E at any dis- 
tance from C; and with one foot of the 
compasses in D, with the same extent, 
describe an arc cutting the arcD Ein E; from 
this point, keeping the same extent in the 
compasses, draw the arc G; through D and E 
draw the line D G, cutting the arcinG; then 
draw a line through G and C, and it will be 
the perpendicular required. 








3? 
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PROBLEM II! 
From a given Point C to let fall a Perpendicular on a given Line AB 


Case ist. When the point C is nearly oppo- c 
site the middle of the line A B. 

With one foot of the compasses in C, 
describe an arc cutting the line AB in Dand E; 
from these points, at any distance, describe two 
arcs cutting each other in F ; through the points 
Cand F draw a line, and it will be perpen- 
dicular to the given line A B. 





CasE 2nd. When the given point C is nearly 
opposite to the end of the line A B. 

Place one foot of the compasses in any part 
of the given line, as at A, and with the distance A C 
describe the arc C E; then from any other part of - 
the given line nearly under the point C, as at D, with < 
the distance D C describe a small are cutting the * 
arc C E-in E;; then a line drawn through the 


points C and E will be perpendicular to the line 
AB. 








"vegan eter” 





PROBLEM IV 
To draw a Line parallel to a given Line A B 


Case Ist. When the parallel line is to pass 
through a given point D. 


Take the nearest distance between the given ~, a 
point D and the line A B; with that distance set 
one foot of the compasses on any part of the line ooo Hi 
AB, as at C, and describe the arc E; from the © © 


point D draw a line so as just to touch the arc 


E without cutting it; then that line will be parallel to the given line AB, 
and pass through the given point D. 


Case znd. When the parallel line is to be at 
a given distance from the line A B. 

With the given distance in the compasses, Be sare ot 
describe two arcs D and E, from any two points, 
as F and G in the given line; then a line D E 
drawn just touching the two arcs without cutting 
them, will be parallel to the given line A B. 








> 
m 
a 
g 
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PROBLEM V 
Alt a given Point in a Line to make an Angle equal to a given Angle 


The given angle C B A ; and D is the point in the line D F. With one 
foot of the compasses in B describe the arc A C: with the same extent in 
the compasses, place one foot in D and describe the arc H E; then take 





8 A 


the distance A C and apply it to the arc H E from H to G, and through the 
points D and G draw the line D K; the angle G D H will then be equal to 
the angle C B A, as required. 


PROBLEM VI 
To divide a given Angle A B C into two Equal Pavts 


From the angular point B, with any extent 
an the compasses, describe the arc DE; from 
D and E, with the same or any other extent, 
* describe two arcs cutting each other in F; 
through the points B and F draw a line, and 
it will divide the angle into two equal parts. 

In the same manner any given arc of a 
circle is bisected, when the centre of the circle 
is given. 





PROBLEM VII 


To divide a Circle A BC D into two, four, cight, sixteen, thirty-two, etc., Equal 
Parts 


Draw a diameter A B, and it will divide 
the circle into two equal parts ; from the points 
A and B describe two arcs at C and D; a line 
drawn through these will divide the circle into 
four equal parts; then bisect the arcs A C, 
CB, etc., by Problem VI., and the circle will be 
divided into eight equal parts, and so on by 
continual bisections. 

This problem is useful in constructing the 
Mariner's Compass. 
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PROBLEM VIII 


To describe the Circumference of a Circle through any threc given 
Points A BC, not situated in a straight Line 


Draw lines joining A B and BC, and bisect 
them by lines meeting in O, as directed in 
Problem I.; then from O, at the distance of 
any one of the points, as O A, describe a circle, 
and it will pass through the other points B 
and C, as required. 

In this manner the centre of a circle may 
be found ; for, taking any three points in the 
circumference, and proceeding as directed 
above, the lines meeting at O will give the 
centre required. 





PROBLEM IX 
To divide a given Line A B into any proposed Number of Equal Parts 


Let it be required to divide the line AB 
into seven equal parts ; from one end A, of the 
given line A B, draw a line A C, making any 6.-%--F 
angle with A B, and from the other end B i : 
draw a line B D parallel to A C; on each of Sart ae et} SB 
the lines A C, B D, beginning at A and B, set i ee 
off as many equal parts as A B is to be divided 4 
into, viz. seven; then lines drawn from A to ~ p--477 & 
7,1 to 6, 2 to 5,3 to 4, etc., will divide the 
given line into seven equal parts. 








PROBLEM X 
To construct Scales of Equal Parts 


The simplest scale of equal parts is made by drawing a straight line, 
and dividing it with a pair of compasses into as many primary divisions as 
convenient, which, if the line be of a definite length, may be done by 
Problem IX.; subdivide one of these divisions decimally, 7.e. into I0 
equal parts; then each of the former may represent Io units, as leagues, 
miles, etc., and in that case the latter will represent one of these units: or 
if the larger divisions be supposed to be 100, then the subdivisions will be 
tens, and so on. . 

There are frequently several of these scales drawn parallel to each other, 
of different lengths, ona flat rule (as Fig. 1, Plate I.) ; they are divided into as 
many equal parts as the length of the rule will admit ; the numbers placed on 
the left hand showing how many parts in an inch each scale is divided into. 

But the most correct scale of equal parts is the DIAGONAL SCALE (Fig. 2, 
Plate I.), the larger divisions of which are commonly an inch or half an inch, 
and sometimes a quarter of an inch, subdivided into 100 equal parts. To 
construct this scale, draw II equidistant parallel lines; divide the upper 
of these lines A E into such a number of equal parts as the scale is intended 
to contain ; from each of these divisions draw perpendicular lines through 
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the 11 parallels to the line C F; subdivide the first of these divisions A B 
and C D into ro equal parts, and from the point C to the first division in 
the line A B, draw a diagonal line ; and then lines parallel to this through each 
succeeding subdivision. Proceed similarly with the subdivision of the part of 
the scale on the left hand. 

Then, if the larger divisions be reckoned as units, the first subdivisions 
will be tenths, and the second (marked by the diagonals upon the parallels) 
hundredths ; but if we take each of the larger divisions to represent 10, 
then the first subdivisions will be units, and the second tenths; or if the 
larger divisions be hundreds, then will the first subdivisions be tens, and the 
second units ; so that the value of the subdivisions depends on that of the 
larger divisions. 

The numbers 376, 37-6, 3:76 may therefore all be expressed by the same 
extent of the compasses: thus, setting one foot in the line marked 3 of 
the larger division, on the sixth parallel, and extending the other along the 
same parallel to the seventh diagonal, that distance will be the extent 
required ; for if the three larger divisions be taken for 300, seven of the first 
subdivisions will be 70, which, upon the sixth parallel, taking in six of the 
second subdivisions for units, make the whole number 376: or if the three 
larger divisions be taken for 30, seven of the first subdivisions will be seven 
units, and the six subdivisions, upon the sixth parallel, will be six-tenths 
of a unit: lastly, if the three larger divisions be esteemed as only three, 
then will the first subdivisions be seven-tenths, and the six second sub- 
divisions be the six-hundredth part of a unit. 


PROBLEM XI 
To construct Lines of Chords, Rhumbs, Tangents, Sines, etc. 


Describe a semicircle A D B with any convenient radius (Fig. 3, Plate I.), 
and from the centre C erect the perpendicular C D, continued at pleasure 
to F; through B draw B E parallel to C F; and draw the lines A D and 
DB. Divide the quadrant D B into nine equal parts, and with one foot of 
the compasses in B and the distances B ro, B 20, etc., transfer them to the 
line B D, which wili be a Lixe oF CHorDs. 

Divide the quadrant A D into eight equal parts, and with one foot of the 
compasses in A, and the distance Ai, and A 2, etc., transfer them to 
the line A D, and it will be a Line of Ruumss, containing eight points of 
the compass. ‘ 

From the points 10, 20, 30, etc., in the arc B D, draw lines parallel to D C, 
which wili divide the radius C B into a Line or Sines, reckoning from 
C to B, or of VERSED SIXES, if it be numbered from B to C; which may be 
continued to 180, if the same divisions be transferred to the line C A, the 
other half of the diameter. 

From the centre C draw lines through the several divisions of the quadrant 
D B until they cut the line B E, which will become a Line or TANGENTS.* 

Transfer the distances between the centre C and the divisions on the line of 
tangents to the line D F, and these will give the divisions of the LINE oF 
SECANTS, which must be numbered from D towards F, 

From A draw lines through the several divisions of the arc B D, and 


© From the construction of the lines of chords, sines, and tangents, it is obvious that the 
chord of Go°, the sine of go°, and the tangent of 45° are all equal to the radius of the aarcie, 
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they will divide the radius C D into a LIne or Semt-TanGEnTs, which are to 
be marked with the corresponding figures of the arc D B. 

Divide the radius A C into six equal parts; through each of these draw 
lines parallel to C D, intersecting the arc AD; then, with one foot of the 
compasses in A, and the distances of the arc A 50, A 40, etc., transfer thes? 
to the line A D, and it will give the divisions of the Line or LONGITUDE. 

If this line be laid upon the scale close to the line of chords, so that 60 
on the line of longitude be opposite o on the chords, and any degree of lati- 
tude be counted on the chords, there will stand opposite to it, on the line «f 
longitude, the miles contained in one degree of longitude in that latitude, 
the measure of a degree at the equator being 60 miles. 

In the figure the divisions are given only to every tenth degree, and 
each point of the compass, which is sufficient to explain the method cf 
construction ; but in Fig. 4 these lines are graduated to degrees, and tke 
rhumbs to quarters, and placed parallel, as exhibited on one side of a flat rule, 
which, with the scale of equal parts on the other side, constitutes the instru- 
ment called a PLANE SCALE. / 

Besides the lines already mentioned, there are frequently on the Plane 
Scale a few other lines, but these are only so many scales of equal parts, 
each having equal divisions of different lengths, for the mere readily laying 
down lines and figures of different lengths and magnitudes. 


PROBLEM XII 


To make an Angle that shall ontain anv proposed Number of Degrees 
Note.—Angles are measured or laid off by means of the Scale of Chords (see Fig. 4). But a 
brass semicircle, or transparent Aoym semicircle, is a very useful instrument for all chart 
purposes. 


Case Ist. When the given angle is right, that 
is, contains go degrees. 

Draw the line A B, and from the scale take the 
extent of the chord of 60 degrees in the compasses : 
then set one foot of the compasses in A, and with 
the other describe the arc E D, and set off thereon, 
from E to D, the distance of the chord of 90° ; through 
A and D draw the line A C, then will the angle 
BA C be a right angle. By this method a perpen- 
dicular may easily be raised ona given line, since the 
angle formed by one line that is perpendicular to 
another is always a right angle. 


Case 2nd. When the angle is to be acute ; suppose 
one that shall contain 48 degrees. 

Draw the line A B, and with one foot of the com- 
passes in A (the chord of 60 degrees being taken as 
before), draw the arc E D, on which set off 48 degrees 
from E to D; through Azni D draw the line A C; 
then will the angle B A C be made, containing 48 
degrees, as was required. 
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Case 3rd. When the angle isto be obtuse; 
suppose one that shall contain 126° 30’. 

Draw the line A B, and from the point 
A, with the chord of 60° as before, draw 
the arc D E, and, as the divisions on the 
scale extend no further than go°, first set 
off 90° from E to F; then set off the re- 
mainder, or excess above 90°, that is 36° 30’, 
from F to D; through A and D draw the 
line A C, and the angle B A C will contain 126° 30’. 


PROBLEM XII 
To measure a given Angle B AC 
With one foot of the compasses in the angular point, and with the chord 
of 60 degrees, describe the arc D E (see the figures in Problem II.) cutting 
the legs in D and E; then the distance D Eapplied to the line of chords, 
from the beginning, will show the measure of the angle B A C, if it contain 
less than go degrees; but when the arc exceeds that quantity, take go 
degrees from the line of chords, and set it off from E to F; then measure 
the excess F D, and their sum will give the measure of the angle required. 


PROBLEM XIV 
To describe a triangle of which the 





. 


three sides shall be respectively equal to SNF 
three given straight lines, two of these ’ 
lines being greater than a third. 2 


Let AB C be the three given lines. 
Take a straight line equal in length to A 
and call it D E. About D asa centre 
with a radius equal to B describe an arc 
of acircle, and about E as a centre with 








a radius equal to C describe another i P 
arc intersecting the former in the point e 
F. Join DF andEF,andFDEisthe c 
triangle required. 
PROPOSITION 


If a straight line falling upon two other straight lines makes the exterior 
angle equal to the interior and opposite upon the same side of the line, or 
makes the interior angles upon the same side together equal to two right 
angles, the two straight lines shall be parallel to one another. 

Let the straight line E F, which falls 
upon the two straight lines A B, CD, make a 
the exterior angle E G B equal to the 


interior and opposite angle GH D upon 4 G 5 
the same side; or make the two interior 
angles BG H, GH D, on the same side, 


together equal to two right angles; A B is © oy b 
parallel to C D. > 

Because the angle E G B is equal to 
the angle G H D, and the angle E GB is equal to the angle AG H, the 
ancle A G H is equal to the angle G H D, and they are alternate 
angles; therefore A B is parallel toC D. (Euclid 1-27). 





-are in the same straight line. 
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PARALLELOGRAM OF FORCES 


If two adjacent sides represent in direction and amount two given forces 
acting at the point of meeting, a diagonal from this point will represent 
in direction and amount the equivalent force, or resultant of the two 
given forces. 

The opposite sides of a parallelogram, 


as A B, CD, are equal, also the opposite A B 
angles are equal; and the diameter or 
diagonal C B divides it into two equal 
parts, 
Since A B and C D are parallel, ard 
C B meets them, the angle ABCisequal = 


to the alternate angle BC D (1,29). Ard 

because A C is parallel to B D and BC 

meets them, therefore the angle A C B is equal to the alternate angle C B D 
(1,29). Hence in the two triangles A C B, C B D, because the angles A BC, 
BC A in the one are equal to the two angles B C D, C B D in the other, 
cach to each; and one side B C which is adjacent to their equal angles, 
common to the two triangles ; therefore their other sides are equal, each to 
cach, and the third angle of the one-equal to the third angle of the other (1,26), 
namely, the side A B to the side C D, and A C to B D, and the angle B A C 
to the angle B DC, and because the angle A B C is equal to the angle BC D, 
and ihe angle C B D to the angle A C B, therefore the whole angle A B D is 
equal to the whole angle A C D ; and the angle B A C has been shown to be 
equal to B DC; therefore the opposite sides and angles of a parallelogram 
are equal to one another. Also the diameter B C bisects it. lor since AB 
is equal to C D, and B C common, the two sides, A B, B C, are equal to 
the two DC, C B, cach to each, and the angle A BC has been proved to 
be equal to the angle BC D; therefore the triangle A B C is equal to the 
triangle B C D (1,4); and th: diameter B C divides the parallelogram 
AC DB into two equal parts.—Q. E. D. 

In a right-angled triangle the G 
square described on the hypotenuse 
is equal to the sum of the squares 
described on the other two sides. 

Let A B C be a right-angled 
triangle, having the angle BAC a 
right angle; then shall the square 
described on the hypotenuse B C 
be equal to the sum of the squares 
described on BA, AC. 

On B C describe the square 
BD EC; and on B A, AC 
describe thesquares BAG F,ACK H. 
Through A draw A L parallel to B D 
orC E; and join AD, FC. Then 
because each of the angles B A C, 
B A G is a right angle, C Aand AG 


For the Same reason, B A and A H are in 
€ angle C B D is equal to the angle F B A, 





D oe 


the same straight line. Now th 
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for each of them is a right angle. Add to each of these angles the angle 
ABC, therefore the whole angle D B A is equal to the whole angle F BC; 
and because the two sides A B, B D, are equal to the two sides F B, BC, 
each to each, and the included angle A B D is equal to the included angle 
F BC, therefore the base A D is equal to the base F C, and the triangle 
F BC to the triangle A B D. 

Now the parallelogram B L is double of the triangle A BD (I. 41) 
because they are upon the same base and between the same parallels B D 
and A L; also the square G B is double of the triangle F B C, because thcse 
also are on the same base I B, and between the same parallels F B. GC. 

But the doubles of equals are equal to one another; therefore the 
parallelogram B L is equal to the square B. G. Similarly, by joinirg. 
A E, B K, it can be proved that the parallelogram C L is equal to the 
square H C. Therefore the whole square B D E C is equal to the two 
squares G B, H C.—Q. E. D. 


PROPOSITION 
To find the Centre of a given Circle 


Let A B C be the given circle; it is 
tequired to find its centre 

Draw within it any straight line A B and 
bisect A B at D; from the point D draw DC 
at right angles to A B, produce C D to meet the 
circumference at E and bisect CE at F. The 
point F shall be the centre of the circle ABC, 
It is manifest that if, in a circle, a straight line 
bisect another at right angles, the centre of 


the circle is in the straight line which bisects = 4X 7———1p 
the other. a ele ee 


PROPOSITION 





The angle at the centre of a circle is double the angle at the circumfer~ 
ence on the same base, that is, on the same arc. 

Let ABC bea circle and B E C an angle 
at the centre, BA C an angle at the circum- 
ference which have the same arc B C for their 
base ; the angle B E C shall be double of the 
angle BAC. Let the centre of the circle be 
within the triangle B A C; join A E and 
produce it to F; then because E A is equal to: 
EB, the angle E B A is equal to the angle 
E A B; the angle E B A plus the angle 
E AB equals the supplement of the angle 
AEB, but the angle BE F is also the sup- 
plement of A E B, therefore the angle B E F 
is double of the angle E A B. It can be 
shown that the angle F E C is double of 
the angle E A C; therefore the whole angle B E € is double of the whole 
angle B AC. 


A 






F © 
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PROPOSITION 


The angles on the same segment of a circle are equal to one another. 
Let A BCD be acircle, and B A D, 
B E D angles in the same segment, BA ED; 


the angles B AD, B E Dshall be equal to one A E 
another. Take F the centre of the circle 
ABCD. 


Let the segment B A E D be greater than 
asemicircle. Join BF, D F. 
Then because the angle B F D is at the 
centre and the angle B A D is at the circum- 
ference, and that they have the same arc for B 8 
their base, namely B C D; therefore the angle 
BI D is double the angle BAD (M, 20). 
For the same reason the angle B F D is double Cc 
the angle BE D. 


Therefore the angle B A D is equal to the angle B E D. 


Wherefore the angles in the same segment of a circle are equal to one 
another, whether the segment be greater or less than a semicircle. 


The construction of triangles will be explained in Trigonometry. 


PLANE TRIGONOMETRY 


Plane Trigonometry is that branch of Mathematics which teaches us 
how to compute the sides and angles of plane triangles; it is divided 
into right-angled and oblique-angled Trigonometry, according as it is applied 
to the mensuration of right-angled triangles or oblique-angled triangles. It 
is used by the navigator to solve all the problems in the sailings except 
great circle sailing, which is solved by right-angled and oblique-angled 
spherical trigonometry. 


RIGHT-ANGLED TRIGONOMETRY 

1. Every triangle consists of six parts; namely, three sides and three 
angles. 

2. The sum of three angles of every plane triangle is equal to two right 
angles, or 180°; hence, if one of the angles be known, the sum of the other 
two may be found by subtracting the given angle from 180° : also, if two of 
the angles be known, their sum subtracted from 180° will give the third 
angle. Again, in a right-angled triangle (since the right angle contains go’), 
the sum of the two acute anyles is equal to go°: therefore, if one of the 
acute angles be given, the other will be found by subtracting the given 
angle from go°. 

3. Any two sides of a triangle added together will be greater than the 
third side. 

4. The greatest side of a triangle is opposite the greatest angle, and the 
least side opposite the least angle ; also, in the same triangle, equal sides are 
opposite to equal angles. 

5. In any right-angled triangle, the side which is opposite to the right 
angle is called the Avpotenuse ; and of the other two sides, one is frequently 
termed the base, and the other, the perpendicular. 

In every right-angled triangle, the square of the hypotenuse (or side 
opposite to the right angle) is equal to the sum of the squares of the sides 
which contain that angle. 

Hence also in a right-angled triangle, the square of ¢ 
either of the two sides is equal to the difference of the z 
squares of the hypotenuse and the other side. 3 

6. Two right-angled triangles are egual to one 
another in all respects, when they have 

I. The hypotenuse, and a side of the one equal 
to the hypotenuse and a side of the other, 
each to each; to 

2. The hypotenuse and an acute angle equal ; 

3. Two sides equal ; 

4. A side and the adjoining acute angle cqual ; o 3 £ 

5. A side and the opposite acute angle equal ; 

7. Two triangles are said to be similar when all the angles of the one 
are respectively equal to all the angles of the other; as, for instance, the 
triangle A B C is similar to the triangle D E F, because the angles A, B, 
and C are respectively equal to the angles D, E, and I’, 


4 
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The sides of similar triangles, opposite to equal angles, are proportional ; 
thus in the triangles AB Cand DEF, as AB is to DE, sois AC to DF, 
and so is BC to EF. Or as 4: 8::5:10::3:6. But this is better 
illustrated on the basis of the ratio of the sides, as will be seen presently. 

8. The old method of computing the sides and angles of a triangle was 





on the basis of proportion, and the names of the sides (as lines) bore 
reference to the arc of a circle and the angle that it subtended or measured. 
It is not wholly inappropriate to briefly note this method in connection 
with the annexed figure, bearing in mind that these definitions appertain 
to a quadrant, and an arc less than a quadrant. 

Two arcs, the sum of which is a quad- 
rant, or quarter of a circle, are called com- Fr C 
plements of each other, thus FC is the = { 7 
complement of E C, and E C the comple- | 
ment of FC. i 7m | 

In the quadrant EC F,let ECbeanarc 0, Hy 
of a circle, and E A C the corresponding 
angle at the centre of the circle; then F C 
is the complemental arc, and F AC the 
complemental angle. ; 

S1IxE.—The sine of an are is a straight | 
line drawn from one extremity of the arc 
perpendicular to the radius which passes 4“ SS e 
through the other extremity of the arc; here C B is the sine ot the arc E C, 
or of the angle E A C, to radius A C. 

TANGENT.—The fangent of an arc is a straight line which touches the 
measuring arc at its commencement, and terminates in the radius produced 
through and beyond the other extremity of the arc : here E T is the tangent 
of the arc E C, or of the angle E A C, to radius A E, whichis equal to A C. 

SECANT.—The secant of an arc is a straight line extending from the 
centre of the circle, through one end of the arc, until it meets the further 
extremity of the tangent drawn from the commencement of the arc; here 
A Tis the secant of the arc E C, or of the angle EAC, to radius A E or AC. 

Since E is taken to be the origin or commencement of the arc which 
measures the angle E AC, so F may be taken to be the commencement of 
the arc F C which subtends the angle F AC; to the latter arc or angle, 
C D is the sine, F G is the tangent, and A G is the secant. 

The complement of an arc being what the arc wants of a quadrant or 90° ; 
in the figure, the arc C Fis the complement of EC; andC A I’, the angle 
which C F subtends, is the complement of the angle E AC. Now the 
sine, tangent, and secant of the complement of an arc are called the COSINE, 
COTANGENT, and COSECANT of the original arc. 
Thus, generally, with respect to the arc E C or the angle E A C— 


C B is called the sine abbreviated sin. 
ET ». » tangent, +n » tan, 
AT ” » secant, 5 » sec, 
Also, A B ” » cosine, - » COs, 
FG ts » cotangent, ,, » cot. 
AG ” » cosecant, ,, »  COsec. 
And, EB a » Versed sine, ,, » ver. sin., or vers. 
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To thearc FC, it follows that C D will be itssine; F G its tangent ; AG 
its secant; D A its cosine; E T its cotangent; and A T its cosecant. 

Since F C and E C are complements of each other; also, since C B = 
DaA,andC D = BA, therefore— 


CB, the sine of EC = DA, the cosine of F C 
B A, the cosine of EC =CD, the sine of FC 
E T, the tangent of E C, is the cotangent of F C 
F G, the cotangent of EC, is the tangent of FC 


Thus :— 

The sine of an angle is equal to the cosine of its complement ; the cosine 
to the sine of its complement ; the langent to the cotangent of its complement. 

9. The lines to which names (as sines, tangents, etc.) have been given 
in the preceding sections, are sufficiently correct as geometrical lines, apper- 
taining to the arc EC, or angle E A C, which corresponds to the radius A E; 
thus, generally, lines so defined refer to circular arcs and the angles they 
subtend (or measure). To a circle less, or greater, than that in the fig., 
there would be no change in the angle by the diminution, or extension, of 
radius AC andAE; but-the sines, tangents, &c., would differ considerably 
in length, and in fact before the value of the lines could be found we must 
know the length of the radius proper to the lines. Thereis a way out of this 
difficulty. 

Trigonometry deals with the angles and sides of triangles, irrespective of 
arcs that measure angles; and since an invariable angle must have an 
invariable sine, cosine, tangent, etc., the difficulty is overcome by always 
considering radius as unify, or the abstract number I, and treating the lines 
on the basis of ratios. To this method of treatment belong the trigono- 
metrical functions, as distinguished from the geomeirical definitions and 
their consequences. 

Ratio.—It is well that you should have a clear notion of the meaning 
of the term ratio, which is commonly used in Trigonometry. Instead of 
saying that A is to B in the proportion of 3 to 5, we say “in the ratio of 
3 to 5," and it is usually expressed as a fraction. 

The ratio of one magnitude to another is independent of the kind of 
magnitudes compared: thus, one may contain the other, or the fifth, or 
twentieth, or hundredth part of the other the same number of times, whether 
they be lines, or surfaces, or solids, or again, weights or parts of duration. 

It is required only for the comparison that the magnitudes be of the same 
kind, containing the same magnitude, each of them a certain number of 
times, or a certain number of times nearly. Upon these numbers, and upon 
these only, the ratio depends. 7 

In brief then, ratio may be defined as the relative values of two quantities 
of the same kind, or the number of times that one contains the other. 

~ TRIGONOMETRICAL TABLES.—There are two kinds of Trigonometrical 
tables that may be used in the computation of the sides and angles of a 
triangle. One kind contains the sines, cosines, tangents, etc., of every 
degree and minute of the quadrant, calculated as decimal fractions, to radius 
tity, or the abstract number r. The sines, tangents, &c., of these tables 
ure called NATURAL SINES.—and thus we speak of natural sines, natural 
cozines, natural tangents, &c., but they are not generally used in naviga- 
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tion, and some works do not even contain them. In the use of these 
tables, the product of two quantities is got only by multiplication, and 
the quotient by division, which is sometimes tedious. Tables constructed 
to radius zr are called natural to distinguish them from another descrip- 
tion of trigonometrical tables which are called logarithmic. 

The logarithmic sines, cosines, tangents, &c., are constructed on the base 
of the natural sines, cosines, tangents, &c. As in the latter case, ald the 
sines and cosines, all the tangents from 0° to 45°, and all the cotangents 
from 45° to 90°, are less than unity (or 1), the logarithms of these quantities 
have negative characteristics orindices. But, in order to avoid the necessity 
of entering negative numbers, the logarithmic tables are constructed by 
adding ro to every index, and so registered. By this contrivance, addition 
does the work of multiplication, and division that of subtraction, and thus, 
in trigonometrical calculations, by the aid of logarithms of numbers on the 
same construction, much time and labour are saved. The tables here 
referred to are Log. Sines, etc., and Logarithms ; when using them it is 
better to distinguish the logarithms of numbers as dog. , those of sines, 
cosines, and tangents, etc., as L sin., L cos., L tan., etc. 


TRIGONOMETRICAL FUNCTIONS OF AN ANGLE 


In Trigonometry we deal with sides and angles of a triangle, and the 
trigonometrical functions of an angle are independent of the magnitude 
of the radius. 

Take several right-angled triangles (see Fig. 1), as BAC, DAE, FAG, 
H A K, etc., which have the same acute angle 


at A common to each triangle; it is certain « 
that the triangles are mot equal, since they Eel 
differ in magnitude. one from another; but ny, 
they are nevertheless in all respects similar, c 

since, the acute angle A, appertaining equally to ~~ 





all the triangles, is due to the ratio between the 
sides being constant; the magnitude of the 
s des is not in question ; the condition lies in a 
this, that whatever part A C is of A E, the 


same part must C B be of ED, etc., and so forth; 
or, on the basis of ratios 


CB:CA=ED:EA=GF:GA= KH: KA 

Or CB _ ED _ GF _ KH 

: CA EA GA KA 
since the ratio is generally expressed in the form of a fraction. 

To impress upon you more clearly still the idea of what is meant 
by the connection between the angles and the ratios of a triangle ; in the 
above fig. right-angled at B, say we have 7 C and / A each equal to 45°; 
this would not arise from the opposite sides being each 10 feet, or each 50 
feet, or each 100 feet, but from the equality of the lengths. So also if 
ZC were 30°, as would happen if the hypotenuse were 100 feet, and the 
side opposite ZC only 50 feet, then 7 C would be 30°, not owing to the 
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magnitude of the sides, but because the hypotenuse was double the side 
opposite ZC. Hence— 


The angles of a triangle depend not upon the absolute length of the sides of 
the triangle, but upon their RELATIVE lengths, that is, wpon the ratios existing 
between them. 


On page 41 the sines, cosines, tangents, &c., are taken to be lines con- 
nected with an arc, but in practice they are considered as guautities corre- 
sponding to certain ratios, called trigonometrical functions of an angle. 

In the annexed figure (2) the three sides of the right-angled triangle, 
by taking the sides two and two, give six ratios as 
follow— $ 


CB AB CB AB AC AC 

AC AC AB CB AB CB a 
of which the last three are the inverse of the first 
three; and each of these ratios measures and deler- A F a 
mines the angle A, inasmuch as “one variable Fag. 2. 
quantity which measures another will also determine 
it, if a determinate value of one necessarily corresponds to a determinate: 
value of the other; and conversely.” 


The definitions that the ratios, taken in the above order, give to the angle 
A, are in succession, 


sine cosine tangent cotangent secant cosecant ; 
they also define the angle C as 


cosine sine cotangent tangent cosecant secant, 


since the right-angle B = 90°; and A + C = 90°; consequently C = 
(90° — A) being the complement of A; and the sine of an angle equals the 
cosine of its complement, etc., e'c. 

These remarks, set out in tabular order, are more clearly seen below—- 


: CB AB 

sin. A = 7 E& = cos. C cot. A = @ ym = tan. C 
AB y AC 

cos. A = AC 7 Sin Cc sec. A = AB = cosec- C 

tan. A = — = cot. C cosec. A = aE = sec. C 


$ 
You should study these carefully, and be able to write them off rapidly,. 
for on these six ratios depend the whole of the formule of Trigonometry. 

It not unfrequently happens that, in cases where the angle A is taken: 
as contained by the base and hypotenuse, and subtended by the perpendicular, 
the trigonometrical ratios are given as— 
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: __ perp. __ perp. 9 hyp. 
sin. A = hyp. tan. A = hase sec. A ened 
cos. A = pase cot. A = base cosec. A = ee 

hyp. perp. perp. 


Now the side that subtends the right angle is invariably called the 
hypotenuse, but it is the more frequent and better method to consider the 
remaining sides as sides, without any characteristic distinction beyond 
the literal one. 

From the trigonometrical ratios are readily deduced. 


RULES 
For computing the Angles and Sides of Right-Angled Triangles— 


RELATIONS BETWEEN THE SIDES AND ANGLES.—-AS the six ratios determine 
the angle, they also give six equations through which the value of the 
respective sides may be found. In collating these (see Fig. 2, page 44), the 
angles are indicated by the capital letters A, B, C, and the corresponding sides- 
opposite to them by the italic letters a, b,c, then we have— 


Ratios, as Equations, or C as the 

Definitions, Conse.-ences, comp‘eme it of A. 
(1) Sin. A =5 = cos. C; hence, a = bsin. A = 8 cos. C 
(2) Cos. A =§ =sin.C; , ¢ =bcos.A=5sin. C 
(3) Tan. A =< =cot.C; , @=ctan.A=ccot.C 
(4) Cot. A = =tan.C; , ¢=acot.A =atan.C 
(5) Sec. A =: =cosec.C; ,, 56 =csec. A = c cosec. C 
(6) Cosec. A == sec.C: , 6 =acosec. A = asec. C 


A = (90° — C), and C = (g0®° — A). - 
Also by Euclid, Book I., prop. 47— 


(7) Since b? = a? + c?, therefore b = v/a* +c? 
(8) Also, a? = b? —c? = (b +c) (b—c) 
And c? = 6*—«? = (b + a) (6--a) 


But the methods of computation (7 and 8) give no saving of figures. 
The foregoing include all cases of finding either angle or any side in a 
right-angled triangle and are adapted to logarithmic computation. 


Note.—When two quantitics are put together without any sign between them, thev are 
multiptied together, thus in (1) 6 sin. A means 5 multiplied by sin. A. When quantities 
are within brackets without any sign between the brackets, the quantity within the one 


bracket is to be multiplied by the quantity within the oth s eo a 
means that 6+<¢ is to be multiplied by b~c¢. ef Bracket thus an (8) (0-+¢):(D—<) 
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The sides and angles of a triangle make up the six parts of the triangle ; 
and if any three of these six parts, excepting the three angles, be given, 
the remaining three may be found by calculation. In aright-angled triang « 
the right angle is always known, hence it is sufficient for the determination 
that any two of the other five parts (excepting the two acute angles) be 
given. 

It is obvious from the simplest principles of Geometry that the three- 
angles alone cannot determine the other three parts, wz., the three sides, 
since all egutanguiar triangles are alike, in respect to the equality of the 
angles, but the sides may differ ; hence an infinite variety of triangles may 
be constructed with the same three angles. 

In a right-angled triangle, therefore, the given parts may be either 


(1) <A side and one of the acute angles; or 
(2) Two of the sides. 


GENERAL RULE TO FIND A SIDE.—In (1) tosolve the triangle, we have to 
find the other two sides and the remaining acute angle. Let us first find 
one of the sides. Write down the side required, and underneath it put the 
given side so as to form a fraction ; we shall then on reference to the figure 
see what trigonometrical ratio of the given angle has been made. Now put 
the sign of equality between the fraction and the trigonometrical ratio; 
the resulting equation will give the formula by which the required side is 
found. To exemplify this, suppose in the Fig. 2,p. 44, the side b was given 
and ‘also the angle A, and we want to find the side a. Write down a and 
; ; on referring to the figure we see that this frac- 
‘tion represents the trigonometrical ratio sin. A. We now put the fraction 


underneath it put 8, thus, 


equal to the trigonometrical ratio thus, ? =sin. A, therefore,a =} x sin. A. 


Hence the side a will be found by adding together the logarithm of 6 and the 
sin. A, rejecting 10 from the ind-x and taking out the natural number cor- 
responding to the sum of the logarithms. ‘The other side of the triangle 
ds found in a similar manner. 

To find the remaining acute angle, subtract the given angle from 
-g0°. 
GENERAL RULE TO FIND AN ANGLE WHEN TWO SIDES ARE GIVEN.—In (2) 
to solve the triangle, we have to find the two acute angles and the remaining 
side. When an angle is not given we must always first find one of the 
angles. To do this, write down in the form of a fraction the two given sides 
(it does not matter which is put on top), put the corresponding trigonometrical 
ratio equal to this fraction, and the formula is complete for finding the 
angle. To exemplify this, suppose in the Fig. 2, p. 44, a and b are given, 
and we want to find the angle A. Form a fraction with a and b thus, 5; 
referring to the figure we see that this fraction represents the trigonomet- 
rical ratio sin. A. We now put this trigonometrical ratio equal to the ° 


on 


fraction, thus. sin. A = E- Hence the angle A will be found by subtract- 


ing the logarithm of 5 from the logarithm of @ plus 10, and the degrees 
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and minutes corresponding to this difference in the sin. column will be the 
angle A required. The other parts will be found as in (I). 


Given the Hypotenuse (b) and Angle A, to find the Base (c), and 
Perpendicular (a) 


Example.—Let the hypotenuse = 370 yards, and the angle A = 56° 30’; 
required the angle C, also the base, and the perpendicular. 


BY CONSTRUCTION 
To find Angle C 
go° 00° 
Z A56 30 
Z C33 30 





Draw the line A B of any length, and make 
the angle at A 56° 30’ (Problem XII. Geo- 
metry) ; from A to C lay off 370, the length 
of the hypotenuse, taken from any convenient 
scale of equal parts, and from the point C let fall 
the perpendicular C B (Problem ILI. Geometry) ; 
then A B Cis the triangle required: the base 
A B, measured on the same scale of equal parts 
by which the hypotenuse was measured, will 
be 204-2, and the perpendicular B C 308-5. 





Calculation by Logarithms 


To find the Base. To find the Perpendicular. 
A= 008. Aw. 6 = bcos. A. f= sin. Aa = bsin. A. 
log. ¢ = log. 6 + L. cos. A— 10. log.a = log b + L.sin. A— ro. 
5 370 log. 2-568202 b 370 log. 2-568202 
A 56° 30’ L.cos. 9741889 A 56° 30’ L.sin. 9-921107 
C 204:22 log. 2-31009r @ 308-54 log. 2:489309 


Ans. C = 33° 30’; base = 204-22 yards; perpendicular = 308-54 yards.. 
Given the Base (c), and Perpendicular (a), to find the Angles 
and the Hypotenuse (b) 


Example.—Let the base = 35-5, and the perpendicular = 41-6: ired. 
the angles A and C, and the hypotenuse. © Pop Precicniae = 4 0 cede 
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BY CONSTRUCTION. 

Draw the line B A, and from B erect the 

perpendicular B C; make B A equal to 35°5, and 

B C equal to 4x-6, and draw the line A C; then 

the hypotenuse A C will measure 54:7, the angle 
A 493°, and the angle C 403°. 


R OIF 





B “35-5 bh 


e 
To find the Angles A and C To find the Hypotenuse 
tan. A = 2 = sec. A.-.b =e sec. A. 


L. tan. A = log. a + 10 — Jog. ¢. log. 6 = log.¢ + L. sec. A—10 





a 416 log. (+ 10) 11-619093 € 35°5 log. 1°550228 
¢ 355 log. _1-550228 A 49° 312’ L.sec. 10°187678 
A 49° 31)’ —_L. tan, 10068865 b 54° 69’ log. 1°737906 
go 
C 4o 283 
A = 49° 313 C = 40° 28)’, Hypotenuse = 54-69 yards. 


Examp'es for Practice 


1. Given the hypotenuse 108, and the angle opposite the perpendicular 
25° 36’; required the base and perpendicular. 
Ans. The base is 97-4, and the perpendicular 46-66. sy 


2. Given the base 96, and its opposite angle 71° 45’; required the 
perpendicular and the hypotenuse. 
Ans. The perpendicular is 31-66, and the hypotenuse ror-r. 


3. Given the perpendicular 360, and its opposite angle 58° 20’; 
required the base and the hypotenuse. 
Ans. The base is 222 and the hypotenuse 423. 


4. Given the base 720, and the hypotenuse 980 ; required the angles 
and the perpendicular. 

Ans. The angles are 47° 17’ and 42° 43’, and the perpendicular 664-8. 

5. Given the perpendicular 110-3, and the hypotenuse 176-5; 
required the angles and the base. 

Ans. The angles are 38° 41’ and 51° 1g’, and the base 137-8. 

6. Given the base 360, and the perpendicular 480; required the angles 
and the hypotenuse. 

Ans. The angles are 53° 8’ and 36° 52’, and the hypotenuse 600. 

7. Given the base 346-5, and the adjacent angle 35° 24’; required 


the perpendicular and the hypotenuse. 
Ans. The perpendicular is 246-2, and the hypotenuse 425-1, 
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8. Given the hypotenuse 36-5, and the angle opposite the base 
65° 15’; required the perpendicular and the base. 
Ans. The perpendicular is 15-28, and the base 33°15. 


g. Given the perpendicular 725, and the adjacent angle 21° 36’; 
Tequired the base and the hypotenuse. 
Ans. The base is 287-1, and the hypotenuse 779-8. 


10. Given the base 32-76, and the hypotenuse 56-95 ; required the angles 
and the perpendicular. 


Ans. The angles are 35° 7’ and 54° 53’, and the perpendicular 46°58. : 

1. Given the perpendicular 98:4, and the hypotenuse 1013; required 
the angles and the base. 

Ans. The angles are 5° 34’ and 84° 26’, and the base 1009. 


12. Given the base 4567, and the perpendicular 3251; required the 
angles and the hypotenuse. 
Ans. The angles are 35° 27’ and 54° 33’, and the hypotenuse 5606. 


OBLIQUE-ANGLED TRIGONOMETRY 
Note.—If you have carefully studied the Ratios (p. 43) you can easily understand the 
following investigation. 

It is required to find a relation between the sides of a plane triangle 
and the trigonometrical ratios of its 
angles. 

In the triangles A B C, which has all 
its angles acute angles, let the side opposite 
angle A be a, that opposite angle B be 
5, and that opposite angle C be c. From 
C draw C D as a perpendicular, which 
call p; then in the right-angled triangle 
A CD we have— 





f= sin. A p=bsin. A 
also, in the right-angled triangle B C D we have— 

P= sin. B p = asin. B 
hence it is evident that— 
asin. B = bsin. A, since each = p 


If the angle A is obtuse, then the perpendicular C D will fall without the 
triangle A BC, and B A must be produced 
to meet it; then in the right-angled c 
triangle B C D we have— ; 


p 


£e=sin.B p=asin. B 
a 


and in the right-angled triangle A C D we 
have— 





? = sin. DAC p= bsin. DAC 
y 
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but, since the angles D A C and A are supplemental their sines are equal- 
therefore— 


p= bsin. A 
b sin. A 


asin. B 


i 4 


H 4 in. B a _sin.A 
ence a:b=sin. A:sin. B; or b an 5 


Similarly, by drawing perpendiculars from the other angles it can be 
shown that— 





- 2 a sin. A 
a:c =sin.A:sin.Cj;or- = 
c sin. C 
and 
: x b sin. B 
6:¢ =sin. B: sin. C;or- = = 
c sin. C 


which is called the Rule of Sines, and may be expressed as follows— 


The sides of a plane triangle are in the same ratio as the sines of the opposite 
angles. 


(x) A triangle is determined by one side and twoangles; and inasmuch 
as two angles determine the third angle, there remains only to find the 
two sides. 

(2) A triangle is determined (in all cases but one) by two sides and an 
angle opposite to one of them. 

Note.—The doubt or ambiguity arises in the one case when the given angle is not that 


appertaining to the greater side. There is no ambiguity when the given angle is opposite to 
the greater side. 


(1) To solve the triangle when one side and two angles are given, we 
have to find the remaining angle and the other two sides. 

The remaining angle is found by adding together the two given angles 
and subtracting the sum from 180°, because the sum of the three angles 
of a plane triangle is always equal to 180°. 

GENERAL RULE TO FIND A SIDE.—Write down the side required, and 
underneath it put the given side so as to forma fraction. Now put this 
fraction equal to its corresponding fraction in the Rule of Sines, and 
multiply both sides of the equation by the denominator of the first formed 
fraction; the resulting equation will give the formula by which the required 
side is found. To exemplify this, suppose the side & was given, and also 
the angles A and B, and we want to find the side a. Write down a, and 


underneath it put 8, thus, ee the corresponding fraction in the Rule of 





Sines ts En . Putting these fractions equal to one another, we have 
a sin. A 
b sin. B’ 


bx sin. Hence the side a will be found by adding together the logarithm 
sin 
of 6 and the sin. A, and from the sum subtracting the sin. B. The natural 


then by multiplying by the denominator 5, we have a= 
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number corresponding to the remainder will be the value of a. The side 
c will be found ina similar manner, but before it can be done the angle C 
must be found. 


GENERAL RULE TO FIND AN ANGLE.—(2) To solve the triangle when two 
sides and an angle opposite one of them are given. Write down the sin. of 
the required angle (this must be always the angle opposite the other given 
side), and underneath it put the sin. of the given angle so as to form a 
fraction. Now put this fraction equal to its corresponding fraction in the 
Rule of Sines; the resulting equation will give the formula by which 
the required angle is found. To exemplify this, suppose the two sides 
a and 6 are given (of which a is greater than b) and the angle A. We 
must first find the angle B. Write down sin. B, and underneath it put 


sin. A, thus, at the corresponding fraction in the Rule of Sines is = 
: 2 sin. B b 
Putting these fractions equal to one another, we have ek = 


and multiplying by the denominator sin. A we have sin. B = : x sin. A. 


Hence the angle B will be found by adding together the logarithm of 6 and 
sin. A, and from the sum subtracting the logarithm of a. The degree and 
minute corresponding to this remainder in the sin. column will be the value 
of the angle B. The other parts are found exactly as in (1). 


Given one Side and two Angles, to find the other Sides, and the 
: remaining Angle. 


Example.—Given the angle A = 36° 15’, the angle B = 105° 30’, 
and the side A B = 53; required the sides AC and BC, and the 
angle C. 


BY CONSTRUCTION 


¢ 
To find the Angle C 6 
ZA 36° 15’ | 
ZB 105 30 
See b 
Sum mgt 4500 Fe 7 
180 00 sore wo 
—_— ‘ 4 
ZC 38 15 aN. eee mad 
fF \ bo ME 
A “53 8 





Draw the line AB, and make it equal to 53; make the angle B A C. 
36° 15’, and the angle A BC 105° 30’, and draw the lines AC and BC 
till they meet in C; then A C will measure 82-5, and BC 50:62. E2 
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BY CALCULATION 











To find the Side AC To find the Side B C 
b _ sin. BB. ees csin. B @_sinA , —csin A 
¢ sinc" sin. C ¢ sin. C sin. C 
log. b = log.¢c + L. sin. B— L. sin. C. log. @ log. ¢ + L.sin. A— L. sin. C, 
¢ 53 log. 1-724276 c 53 log. 1°724276 
B 105° 30’ ~=L.sin. 9983911 A 36° 15's L.sin.  9:771815 
11-708187 __ 11-496091 
C 38° 15’ L.sin. 9°791757 C 38° 15’ Ss L. sin. 9-791757 
b 82-5 . Jog. 1916430 a 50°62 log. 1°704334 


AC= 825 BC= 5062 C= 38°15’ 


Given two Sides and an Angle oppostte one of them, to find the other Angles 
and the third Side 


Example I-—Given the side A B = 336, the side B C = 355, and the 
angle A 49° 26’; required the angles B and C, 
and the side A C. 


BY CONSTRUCTION 


Cc 


Draw the line A B, which make equal to 
336; draw the line A C soas to make an angle of 


493° with A B; take the length of B C in the 2 
compasses, and setting one foot in B, let the other a 
cut the line A C in C, and draw the line BC; then 

the angle B wil] measure 843°, the angle C 46°, , 

and the side A C 465-3. eee aes -9 





BY CALCULATION 
There is no ambiguity here, inasmuch as the given ang'e is opposite to the greater given side. 














To find the Angle C To find the Side AC 
Sin. € i640) _ csinw A 5_ sin. B v _ asin. B 
oa ae ec = a a aa sin. A 
L. sin. C =log.c + L.sin. A—Ilcg. a log. b = log.a+ L.sin.B—~—L.sin. A 
¢ 336 log. 2°526339 @ 355 log. 2-550228 
A 49° 26° ~L.sin. 9880613 B 84° 36’ L.sin. 9:998068 
12:406952 12:548296 
a@ 355 log. 2°550228 A 49° 26’ L.sin. 9-880613 
» ZC 45°58’ L.sin. 9856724 5 4653 log. 2-667683 
Z A4g 26 
Sum 95 24 
180 00 
Z B84 36 


B = 84° 36° C = 45°58’ AC = 4653 
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Example IIT.—Given the side A B = 355, the side B C = 336, and the 
angle A = 49° 26’; required the angles B and C to the nearest second, and the 
side AC. 


Notre.—The given angle being opposite to the less 
side, there are two different triangles which may possess 
the same data, because a circle described with B as 
centre and radius B C will cut C A in C’, hence B C’ has 
the same value as BC, so that both triangles C B A and 
C’ BA will satisfy the conditions of the question ; it is 
therefore doubtful, or ambiguous, whether we must make 
fC less than go*, or greater than go°. 





This example constructed with the side A B = te 
355, and side BC = 336, the projection makes ai 355 a. 
A C = 30-4 or 431-3, since the angle C may be 
either 534° or 126°, 7.e., either acute or obtuse. 


BY CALCULATION 
To find the Angle C 


Sin.C _ AB... _ABsin. A 
ira ete BO 


L. sin. C = log. AB + L.sin. A— log. BC 





4A B355 log. 2°550228 ZA 49°26’ 0” £ A 49°26’ 0” 
A 49° 26" L.sin. 9880613 ZC 53 22 47 £ C'126 37 13 
12430841 102 48 47 176 3:13 

@ 336 log. 2-526339 180 180 


ZC 53° 22' 47” L.sin. g-go4502 4B 77 11 13 0r 7 B 3 56 47 
180 
* £C'126 37 13 


To find the Sides A Cand A C’ 
AC sin.B Ac=—BCsin. B 


BC ™ sin. A sin. A 
log. AC = log. BC + L. sin. B— L. sin. A 


BC 336 ee log. BS2O33Q) bc asus elk eele wees 2°526339 

B 77° 11°13” L. sin. 9°959049 B 3° 56’ 47” L.sin. 8-837734 

: Sum 12:515388 11:364073 

A 49° 26’ L.sin. 9880613) .........0... «-- 9880613 

AC 4313 log. 2-634775 AC’ 3044 log. _1-483460 
B 


—— 77° rr’ 13” or ‘—y 53° 22’ 47" A Cc ~~ I 
Ans. or, B = 3° 56°47" C’ = 126° 37°13” AC = me 
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To find the other two angles, the two sides and the included angle 
being given-— . 


First Method— 


Tan. $ (A ~ B) =i x tan. (A 4B) 


L. tan. 3 (A ~ B) = leg. (@ — 6b) + L. tan. 4 L. (A + B) — log. (a + 3), 


The value of $ (A + B) being known, and that of 4 (A ~ B) being found’ 
their sum and difference give respectively the values of the angles A and B. 


The third side may be found by the Rule of Sines. 


GENERAL RULE for the half difference of the Angles—-Find the sum 
and difference of the given sides, subtract the given angle from 180°, 
and take half the remainder, for half the sum of the unknown angles: 
to the log. of the diff. of the sides add the tan. of the half-sum of the 
unknown angles: from the sum of these logs. take log. of the sum of the 
sides ; the remainder is the tan. of the half-diff. of unknown angles, which. 
take out: add the half-diff. to the half-sum of unknown angles for the angle- 
opposite the greater side, and subtract it to get the less angle. 


Given two Sides and the included Angle, to: find the other Angles and 
the third Side. 


Example.—Given the side A B = 85, the side A C = 47, and the angle 
A = 52° 40’; required the angles C and B, and the side B ©. 


BY COXSTRUCTION 


Draw the line A B, and make it equal: 
to 85; at A make the angle B A C 
52° 40’; from A to C lay off 47, and 
draw the line B C; then A B C is the 
triangle required ; the angle B will measure 
334°, the angle C 49° and the side B C 67-7. 





To find the Angles and remaining Side. 








ABorc = 85 180° 0’ 
ACorb= 47 ZA 52 40 
Sum orc +b = 132 Sum of Z *BandC 127 20 =C4+B 
Diff. orc —-F = 38 ysumof Z+ 63. 40 = 3 (C + B) 


L. tan. }(C-~B)= log. (ce — by + L. tan. 4 (C + B) — log. (¢ + B) 
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55 
(c—b) = 38 log. 1579754 a_sin.A , ities bsin. A 
2(C + B) = 63°40’ L.tan. 10-305434 b sin. B’” sin. B 
rxr-885218 log. a = log. 6+ L.sin. A— L. sin. B. 
(¢ + b) = 132 log. 2°120574 b 47 log. 1-6720098 
4 (C ~ B) = 30°11’ L.tan. 9-764b44 A5z2° 40’ L.sin. 9-G00433 
4(C+B)= 63 40 11-572531 
Sum = ZC 93 51 B 33° 29’ L.sin. 9°741699 
Diff, = Z B 33 29 a 67°74 log. 1-830832 


Tne greater angle is opposite the greater side. A B is greater than 
AC, hence the angle C is greater than the angle B. The sum is therefore 
the angle C, and the difference is the angle B. 


Notz.—This triangle may be solved by letting fall a perpendicular from the angle C on the 
side A B, which will divide it into two right-angled triangles; then with the hypotenuse A C 
and angle A find the perpendicular and the base, which base subtracted from the side A B 
will leave the base of the other triangle; then, with the perpendicular and base find the 
angle B, which added to angle A, and their sum subtracted from 180°, will give the angle C; 
and, with one of the angles and its opposite side find the side B C. 


The third side can be found direct by the following formula— 


* 
or 


eo = Cos 








aie Cee NY fot b + 6 ( ea 5 8 
2 \ 2 2 
A = = 52° 40’ 
A ae A : 2 
L. Cos. =-  9-952914 ~ = 206 20..... L.Cos. 9:g0 4838 
2 3 2 
L Cot Ae c S5° fate Log. 1:929418 
"5 2 9904838 OS che alee Log. 1-672098 
e€+b = 132 2)3°506355° 
c+ b ¥ eo 
a 66 6 = 56-65 Log. 1:753177 
c+b E 
=e = 12265 ..... Log. 2:088666 
e+b : 
Sa ORS. han Log. 0-9708r2 
2)3-059478 
5 = 33864 Log. 1529739 
2 





Side @ = 67-728 
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To find the Angles, the Sides being given 


A triangle may be determined from its three sides, by the following 
formulazs—where s = 3 sum of the sides— 





ao hea 
() By conf A AS sis—4) ye, (ay By tan. fA =A/ E— AES 


be s(s — a) 
cos, 5B =A/ sb= 4) tan. §B =A/ Gao 
3E-5 (OC; ¢ aa/G= 4G =O 

cos. 3c =a/ SE=E tan. #C =A/ =) 


The usual method of finding the angles is through the cosine (x), except 
when the angle is very small, for then the change in log. cosines is very 
small, and consequently not conducive to accuracy. In this case the angle 
should be found through the tangent. 


From (1)— a 
Cos. 4 A=4 {log. s + log. (s —a) + 20 — (tog. 5 + log. c)} where s attr 

Rute I. Cosine Method.—Find half the sum of the sides, and from 
it subtract the side opposite the angle sought, which call the remainder. 
Add together the logarithms of the half sum of the sides, and the remainder, 
and increase the index by 20; also add together the logarithms of the two 
sides containing the angle sought ; subtract the latter sum from the former 
and divide by 2; this will give the cos. of half the angle sought. 

But the method by the tangent is the readiest, when all the three angles 
are sought, as only four logarithms are required to be taken out of the 
Tables ; and the rule may be simplified as follows— 


From (2)— 
Tan. A = {log. (s—6) + log. (s —c) —log. s —log. (s —a)} + 10 


Rue II. Tangent Method.—Add together the three sides a, 6, and c; 
take half their sum, which call s ; from this half sum subtract each side in 
succession, and thus you have the value of s, s — a, s — 6, and s —c; 
subtract the logarithm of s from 20-000000; to the remainder add the 
logarithms of s —a, s—6, and s —c¢ ; divide the sum by 2 for the half-sum, 
which becomes a constant ; from this constant subtract in order the logarithm 
(s — a), for tan. 4 A; the logarithm (s — 8) for tan. 4B; and the log. 
(s —-c) for tan. 4 C; multiply each angle by 2, and the three angles of the 
triangle are obtained, the sum of which should be 180°. 


Given the three Sides, to find the Angles. 


Example.—Given the side A B = 157, the side B € = 110, and the side 
AC = 88%, to find the angles A, B, and €. 
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BY CONSTRUCTION 

Draw the line A B, which make equal 
to 157; take the length of A C 88 in the 
compasses, and with one foot on A describe 
the arc C; then, with the length of C B 
II0 in the compasses, and one foot in B, 
describe an arc cutting the former in C, 
to which draw the lines A C and B C; 
then A B C is the triangle required ; the 
angle A will measure 42° 44’, the angle 
B 32° 53’, and the angle C 104° 23’. 


By Rule I. 
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Cos. $A = ¢ { log. s + log. (s —a) + 20 ~ (log. 8 + log. c) } wheres = Stote 





@ Ito 
BY 8S ie ek Sea oe log. 17944483 
Go TSO evans eco ane 8 log. 2°1959¢0 
B55 terete ee er eteenes 4°140383 
s 177°5 log. 2-249198 
@ 110 
s—a@ 67'5 log. 1829304 


24°:078502 
(log. 6 + log.c) 4°140383 


2)19'938119 And similarly for angles B and C, or 
© 55! to” ———— by the Rule of Sines. If the latter is 
$A 21° 22' 19 cos. 9:969059 used, the greatest angle is the proper 


A 42 44 38 one to find first through the cosine. 


By Rule Il. For ZA 


20:000000 
s 775 log. 2:249198 





(ar. co.) 17°750802 
s—a 67:5log. 1429304 
s—6 89-slog. 1'951823 








S—ce 20:5 log. 1°311754 
2)22-84 3683 

For 7B 

Constants 11-q2E8q4r ee eee eee Ir-42184t 


a= 110 
5b= 88 
c= 157 
2)355 
$= 1775 
$S—@= 675 
s—b= 895 
S—C= 2055 
for ZC 


seve ee eeneee Tr-q2r84r 


Ss —a@ 67-5 log. 1°829304 s—b8g-5 log. 1-951823 s—e20'5 log. 1-311754 





4A 21° 22’ 18" L. tana. 9°592537 4 B16°26°35" tan. g-4700r8 4C52°rr’7” tan. 10-1 10087 





A 42 44 36 B 32 53 10 
B 32 53 10 
C 104 22 14 


18 0 o 





C 104 22 14 


The three angles of a triangle determine it in species only, and not in magni- 
tude: they may define it as an acute-angled triangle, a right-angled triangle, 
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or an obtuse-angled triangle. Moreover, since the sum of the three angles 
of every triangle is equal to 180°, it is evident that an indefinite number of 
similar triangles may be constructed, the angles of which shall be equal 
respectively to three given angles the sum of which is 180°. 


Examples for Practice 


1. Given one side 129, an adjacent angle 56° 30’, and the opposite angle 
81° 36’; required the third angle and the remaining sides. 

Ans. The third angle is 41° 54’, and the remaining sides are 108-7 and 
87-08. 

2. Given one side 96-5, another side 59-7, and the angle opposite the 
latter side 31° 30’; required the remaining angles and the third side. 

Ans. This question is ambiguous, the given side opposite the given angle 
being less than the other given side (see Example II., p. 53); hence, if the 
angle opposite the side 96-5 be acute, it will be 57° 38’, the remaining angle 
go° 52’, and the third side 114-2; but if the angle opposite the side 96-5 be 
obtuse, it will be 122° 22’, the remaining angle 26° 8’, and the third side 50-32. 


3. Given one side 110, another side 102, and the contained angle 113° 36’; 
required the remaining angles and the third side. 

Ans. The remaining angles are 34° 37’ and 31° 47’; and the third side 
8 177°5- 

4. Given the three sides respectively, 120-6, 125-5, and 146-7; required 
the angles. 

Ans. The angles are 51° 53’, 54° 58’, and 73° 9’. 

5. Given one side 684-5, another side 496-7, and the angle opposite the 
latter side 40° 58’; required the remaining angles and the third side. 

Ans, If the angle opposite the former side be acute, the remaining angles 
will be 64° 37’ and 74° 25’, and the third side 729-8; but if obtuse, the 
angles will be 115° 23’ and 23° 39’, and the third side 303-9. 


6. Given one side 117-8, another side 96-55, and the contained angle 
67° 30’; required the remaining angles and the third side. 

Ans. The remaining angles are 64° 41’ and 47° 49’, and the third side 
120-4. 

7. Given the three sides 87-6, 66-2, and 41-3; required the angles. 

Ans, The angles are 26° 49’, 46° 20’, and 106° 51’. 


APPLICATION OF TRIGONOMETRY 


The following methods.of ascertaining the height or distance of an object 
being frequently useful, they may properly be introduced here before the 
present subject is dismissed. 


To find the Height of an Accessible Object 


Measure the horizontal distance, between the eye and the object, of the 
point immediately under it, and observe the angle of elevation with a 
quadrant or sextant : thus will be obtained the base and angles of a right- 
angled triangle, the perpendicular of which being found will be the height 
of the object above the horizontal plane, to which add the height of the eye. 
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Or, by removing either towards or from the object, until the angle of 
elevation be 45°, the horizontal distance, added to the height of the eye, 
will give the height of the object. 





Example.—From the bottom of a 
tower I measured 200 feet on a horizontal 
plane; I then took the angle of elevation, 
and found it 40° 30’, the height of my 
eye being 6 fect; required the height of 
the tower. 


In the right-angled triangle A B C are 
given the side A B 200 feet, and the angle 
B AC 40° 30’, to find the perpendicular 
BC 





BC A Pas ‘ rs 
AB 7 tan A .. BC=ABx tana 


log. BC = log AB +L. tan. A— 10 


Distance A Bor DE 200.... log. 2:301030 
Ave] On 9300 ctw ciecerter er tes L. tan. 9°931499 
Perpendicular BC ...... 1yo'8 log. 2232529 
HeightoftheeyeAD.... 6 


Height of thetowerCE 176-8 feet. 


lf the height of the object be known, and the angle of elevation observed, 
the horizontal distance of the eye may be found ; for in this case there will 
be given the perpendicular and angles of a right-angled triangle to find the 
base or distance required. 
AB = BCcot. A. 


To find the Height of an Inaccessible Object 


Measure the angle of elevation at a convenient distance from the given 
object ; then remove in a direct line from the object, and again observe the 
angle of elevation, the distance between the two stations being carefully 
measured ; hence will be given 
one side and the angles of an 
oblique-angled triangle, with 
which, find either of the two 
other sides. Now that side will 
be the hypotenuse of a right- eae 
angled triangle, the perpendicu- ee 
Jar of which being found, and 30 oe 
the height of the eye added to “Cj2g Fathoms — e 
it, their sum will be the height 
of the object. 

Example.—Wanting to know the height of a lighthouse above the level 
of the sea, and not being able to measure its horizontal distance, I took the 
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angle of elevation, and found it to be 31° 45’, and after removing from it 
120 fathoms, I observed the angle of elevation to be 21° 20’; required the 
height of the lighthouse. 


In the triangle A BC are given the angle -A CB 21° 20’; the angle 
CAB, which is the difference between the angles AB D and ACD; and 
the side C B 120 fathoms, to find the side A B. 


AB_ sin. ACB -AB =CBsin. ACB 
CB sn.CAB “ sin. CAB 


log. AB = log. CB +L.sin. ACB—L.sin. CAB 


ZABD...... 31° 45’ SideC Bi20o.... log. 2079181 
ZACB...... 21 20 ZACB 21°20’ L.sin. 97560855 
Z2CAB...... Io 25 11-6 40036 
Z CAB 10° 20’ L.sin. g:257211 
Side A B 241-45 ...... 2:382825 


In the right-angled triangle A B D are given the angle A B D 31° 45’, 
and the hypotenuse A B 241-45, to find the perpendicular A D, 


A’ =sin. ABD J ADGAR SS ABD 


log. AD = log. AB +L. sin. ABD —r1o0 


Hypotenuse A B 241-45 ...... log. 2-382825 
ZABD 31°25’ 45” .......- L.sin. 9-721162 
Perpendicular A D 127-05 ....-...+- 2103987 


Hence the height of the lighthouse is 127-05 fathoms, or 762-3 feet above 
the level of the sea. 


To find the Distance of Two Points on a Horizontal Plane, which are 
Inaccessible 


Let AandB be the objects: from C, one extremity of a measured distance, 
observe the angles B C A and BC D; from D, the other extremity of the 
measured distance, observe the angles A D C and ADB; then by The 
Rule of Sines, p. 50, compute the sides D A and DB; and from the sides 
D Aand DB, and included angle A D B, compute by Rule on p. 54 the 
required distance A B. . 

Example.—To find the distance between a windmill (B) and house (A), 
I took two stations, C and D, on the opposite side of a river, distant 1,267 


enn a iae 
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yards from each other, and such, that from each of them the other statior 
and the windmill (B) and house (A) were seen. At C the angles BC A 





53° 38’, and B C D 34° 50’ were observed ; at D the angles A D C 43° 44" 
and ADB 58° 38’ were observed. Required the distance between the 
house and mill. 

Ans. Side A D = 1709-7 yards ; side D B = 1065-r yards; ZA BD = 
83° 9’ 26". Dist. between house and mill = 1470-3 yards. 


Examples for Practice 
x. Find the height of a cliff in feet, the angle of elevation of its top at 
a distance of one nautical mile being 5°. 
Ans. 531°9 feet. 


2. The angle of elevation of a tower was 26° 30’, and 150 yards nearer 
to it the angle of elevation was 51° 20’; find the height of the tower, and the 
distance of its base from the last station. 

Ans. 123-94 yards; distance 98-59 yards. 


3. Two ships are 950 yards apart ; an observer on each finds the angle 
between the other and a buoy to be 57° 30’; find the distance of the buoy 
from each ship. 

Ans. 884-05 yards. 


4. From a ship a point of land bore N. 20° W., and after sailing N. 60° W. 
3 miles it bore N. 37° E.; find the distance of the ship from the point of 
land when the second bearing was taken. 

Ans. 2-299 miles. 


5. Two landmarks are distant from a ship 1,550 yards and 975 yards, 


they bear respectively N. 73° E. and S. 30° E.; find the distance between 
the landmarks. 


Ans. 1,635 yards. 


6. From the top of a ship's mast 75 feet above the water, the angle of 
depression of a floating mark was 12° 20’; required the distance of the top 
of the mast from the floating mark. 

Ans. 351-1 feet. 


7. Three ships not in one line are distant from each other 750 yardss 


930 yards, and 1,006 yards ; find the greatest difference of bearing between 
m. 


Ans. 72° 403’. 


SPHERICAL TRIGONOMETRY 


The problems on Great Circle Sailing and Nautical Astronomy are 
solved by either right-angled or oblique-angled spherical tngonometry. 

If a spherical triangle has one of its angles a right angle, it is called 
a right-angled triangle ; if one of its sides be a quadrant (90°) it is called 
a quadrantal triangle ; if two of the sides be equal it is called an isosceles 
triangle, etc., as in plane trigonometry. 

The following properties relate to spherical triangles— 

(a) Any side of a spherical triangle is less than a semicircle, and any 
angle is less than two right angles. 

(b) The sum of the three angles is greater than two right angles and 
Jess than six right angles. 

(c) If the three sides of a spherical triangle be equal, the three angles 
will also be equal, and vice versa. 

(a) If the sum of any two sides of a spherical triangle be equal to 180°, 
the sum of their opposite angles will also be equal to 180°, and vice versa. 

(e) If the three angles of a spherical triangle be acute, all right, or all 
obtuse, the three sides will be accordingly all less than go°, all equal to 
go°, or all greater than go°, and vice versa. 

(f) The sum of any two sides is greater than the third side, and their 
difference is Jess than the third side. 


(g) The sum of any two angles is greater than the supplement of the 
third angle. 


(h) The sum of the three sides is less’ than the circumference of a great 
circle. 


(i) If any two sides of a triangle be equal to each other, their opposite 
angles will be equal, and vice versa. 


NAPIER’S RULES FOR THE SOLUTION OF RIGHT-ANGLED 
SPHERICAL TRIANGLES 


In every right-angled spherical triangle there are five “ circular parts,” 
exclusive of the right angle, which is not taken into consideration. These 
five parts consist of the two legs containing the right angle, the complement 
of the hypotenuse, and the complements of the two angles. They are 
called “‘ circular parts ’’ because they are each measured by the “ arc” of a 
Great Circle. : 

Before proceeding to the use of Napier’s Rules it is necessary to have a 
clear idea of what is meant by the ‘“‘ MIDDLE Part,” and the following 
explanation should make it clear. 

In the soluticr of every problem three parts are concerned, two of which 
are given and the one required to be found. : 

lf the three parts follow each other in succession, that is, touch each 
other, that part which is in the middle is the ‘‘ middle part” and the other 
two parts are the adjacent parts; if the three parts do not touch each 
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other, two of them must, and that part which is separated trom them is 
the “middle part ’’ and the other two parts are the opposite parts. 

It is necessary to point out that the angles separate the hypotenuse 
from the base and perpendicular, but the perpendicular and base, which 
contain the right angle, touch each other, that is, the right angle does not 
separate them. 

Another important point to remember is, when a complement comes 
into an equation the sin., cos., or tan. of the formula are to be changed 
into cos., sin., or cot., as the case may be, and the following cases will make 
these points clear. 


““NapPIER'S RuLes "’— 


(r) Sine of the Middle Part = Product of tangents of adjacent parts. 
(2) Sine of the Middle Part = Product of cosines of opposite parts. 


The above rules have reference to the natural sines, cosines, and tangents. 
In practise, however, log. sines, etc., are used in the ordinary way, facilitat- 
ing the work of multiplication and division by addition and subtraction 
respectively. 

If the student has carefully studied the foregoing the following examples 
will be clear to him. 


A 


In the right-angled spherical triangle A B C 
right-angled at B, given the side 6, and ZA, to 
find side c. 


QQ 


: 4 Now it is obvious from what has been said 
} thit ZA is the middle part and the sides b and 
; c the adjacent parts. 

c es 6 


Napier’s first rule says the sine of the middle part equals the product 
of the tangents of the adjacent parts. That is— 


Sine A = tan. b x tan.¢ 


but as the complements of A and side 6 are to be taken the formula 
becomes— 


Cos. A = cot. b x tan.eé 


cos. A 
-. Tan. ¢ = Fe = cos. A + cot. b 


which in the logarithmic form becomes— 
Log. tan.’¢ = log. cos. A + 10 — log. cot. 8 ' 
and by substituting the reciprocal of cot. b we get the following— 


Log. tan. ¢ = log. cos. A + log. tan. & — ro 
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In the same triangle, given side b and Z C, to find side c. 
Side c is the middle part, and side b and / C the opposite parts: 


Napier's second rule says the sine of the middle part equals the product 
-of the cosines of opposite parts. That is— 


Sin. ¢ = cos. b x cos.C 
.but as the complements of b and C are to be taken the formula becomes— 
Sin. ¢ = sin. 6 x sin. C 
-. Log. sin. ¢ = log. sin. b -+- log. sin. C — 10 


In the same triangle, given 2 C and side a, to find side c. 
Side a is the middle part, and Z C and side c the adjacent parts. 


Sin. a = tan. ec x tan.C 
‘but the complement of C is taken and the formula becomes— 


Sin. @ = tan. ¢ X cot.C 


sin. @ 


.“. Tan.c = et 


or sin. @ x tan. C 





~which in log. form becomes— 


Log. tan. c = log. sin. @ + log. tan. C— 10. 


When an angle and the side opposite are given the case is ambiguous 
and there will be two answers—the part found and its supplement. 

The rule of signs must be attended to, as like signs give plus and 
unlike signs give minus when multiplied together or divided by each other. 

The sine and cosecant are + up to 180°, that is, in the first and second 
quadrants. 

The cosine, secant, tangent, and co-tangent are plus in the first quadrant, 
that is, up to 90°, and change to minus in the second quadrant, that is, 
from go° to 180°. 

The sine and cosecant are minus in the third and fourth quadrants, 
‘that is, from 180° to 360°. 

The cosine and secant are minus in the third quadrant and plus in 
the fourth quadrant. 

The. tangent and co-tangent are plus in the third quadrant and minus 
in the fourth quadrant. 

The student should now be able to solve all the cases in right-angled 
-spherical trigonometry without assistance and to arrive at the required 
equation at a glance. 3 

Example 1.—In the right-angled spherical tnangle A B C (Fig. x) right- 
cangied at C, given the side b 86° 10’ 00” and the angle A 74° 45’ 15”, to 
find the angle B. 
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> 


Z Bis the middie part and Z A and 
side 6 opposite parts. 


a: 


Formula— 
Cos.B = sin. A X cos. &. 
Log. cos. B = log. sin. A + log. cos. 8 — 10 
A 74° 45’ 15° sin. 9°98444r 
6b 86 10 00 cos. 8-825130 
B. 86° 18’ 6” cos. 8-80957T 


a 
' 
' 
‘ 
' 
‘ 
' 
' 
' 
‘ 
' 
' 
' 
7 





Fig. x. 
In the same triangle, given Z A 74° 45’ 25” and side b 86° ro’, to find 
side a. 
Side 5 is the middle part, and Z A and side a adjacent parts. 
Sin. 6 = tan. a x cot. A 


.. Tan. @= 


Log. tan. a = log. sin. 8 + 10 — log. cot. A 
6 86° ro’ 0” sin. 9999027 
A 74 45 15 cot. 9°435451 
@ 74° 43' 17” tan. 10°563576 
By using the reciprocal of cot. A we get the same result by addition 
(which is veally multiplication). 
Log. tan. a = log. sin. 6b + log. tan. A — 10. 
6 86° x0’ 0” sin. 9:999027 
A 74 45 15 tan. 10-564549 
@ 74° 43° 17° tan. 10-56357 
Example 2.—In the right-angled triangle 


CAB (Fig. 2) right-angled at B, given Z C 46° 
and side c 40°, to find side a. 


Side a is the middle part, Z C and side c 
adjacent parts. 


Sin. a = cot. C x tan.c. 
Log. sin. @ = log. cot. C + log. tan. c— 10 
C 46° cot. 9-984837 
: ¢ 40 tan. 9-923814 
@ == 54° 7°34" — sin. 9-908651 
a’ eae aa! 26° 


a ww wee we en tne ence eens: 





This is the ambiguous case, because the given side is opposite the given 
angle and there is nothing to indicate which arc is to be taken; as the 
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angle C is equal to angle C’ andc is common to both, therefore, each part 
found will have two values, that is, the part found and its supplement 
which is found by subtracting the arc or angle found from 180°. 


In the same triangle Fig. 2, given Z C 46’ and sidec 40°, to find Z A. 
Z Cis the middle part, 7 A andsidec opposite parts. 


Cos. C = sin. A X cos. ¢ 


cos. C 
cos. ¢ 


-. Sin. A = 





Log. sin. A = log. cos. C + 10 — log. cos. ¢ 


C 46° cos. 9°841771 
c¢ 40 cos. 9884254 


A= 65° 4! 6° sin. 9-957517 





or 
114° 55’ 54° 


Example 3.—In the right-angled spherical 
triangle C A B (Fig. 3) right-angled at 1, given 
Z C 46° and side a 125° 52’ 26”, to find side 5. 
Z Cis the middle part, sides a and badjacent 
parts. 2 

Cos. C = tan. @ x cot.b 


moneeee=asaQ} 






Cot. = co Cc ke 
ee tans @ ! 
Log. cot. 6 = log. cos. C + 10 — log. tan. @ i 
ZC46°+ cos. 9841771 : 
@125° 52' 206° — ~—s tan. 10°r 40751 : 
63° 19’ 35° — cot.  9°701020 : 
180 0 0 Fig. 3- 


b= 116 40 25 


In this case the cosine is plus and the tangent minus, therefore, the cot. 
is minus and the arc just found is to be subtracted from 180°, as the minus 
cot. lies in the second quadrant. 


Exercises.—Right-angled Spherical Triangles. 


r. In the right-angled spherical triangle A B C, right-angled at C, given 
A C 65° and B C 51° 36’, to find Z A, Z B, and the side A B. 

Ans. Z A 54° 15’ 52"; 2 B7o° 5’ 36" and A B 74° 53 52”. 

2. In the right-angled spherical triangle A B C, right-angled at C, given 
B C 32° 51’ and B 56° 17’, to find the other parts. 

Ans. Z A 45° 40°14"; A C 39? 6’ 20” and A B 49° 18’ 54”. 

. In the right-angled spherical triangle A BC, right-angled at B, given 

A = rr10° 17’ and BC 98° 40’. to find the other parts. . 
~ “Ans. Z C110? 3’ 55"; 2 A g8° 13’ 51” and AC 86° 58’ 17”. 
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4. In the right-angled spherical triangle A B C, right-angled at A, given 
A Bo7° 20’ and B C 94° 13’, to find the other parts. 

Ans. “. B 55° 2’ 52”; Z C 96° 0’ 20” and A C 54° 49’ 36”. 

5. In the right-angled spherical triangle A B C, right-angled at A, given 
A Br14° 22’ and Z C 108° 10’, to find the other parts. 

Ans. B 49° 37’ or 130° 23’; AC 46° 57’ 45” or 123° 2’ 15" and BC 
106° 21’ 15” or 73° 38’ 45”. 

6. In the right-angled spherical triangle A B C, right-angled at A, given 
A B 95° 52’, B 76° 13’, to find the other parts. 

Ans. ZC 95° 41’ 50"; A C 76° 8’ 49” and BC gr° 24’ 9”. 


QUADRANTAL SPHERICAL TRIANGLES 


A quadrantal spherical triangle has one of its sides go°, hence its name. 
“Napier’s Rules” for circular parts are used in the solution of these 
triangles and in considering the ‘‘ Circular Parts’ the quadrantal side is 
omitted in the same manner as the right angle in right-angled spherical 
trigonometry, and the “ Circular Parts’’ are the two angles adjacent to the 
quadrantal side, which does not separate them, the complements of the other 
angle and the two remaining sides. The amplitude is the commonest 
example in nautical astronomy of the quadrantal triangle. 


In the quadrantal triangle P Z X (Fig. 4), the quadrantal side being 
Z X, given P X 70°, and P Z 40°, to find Z Z. 
P X is the middle part and Z Z and P Z the opposite parts. 


N 
Cos. PX = cos. Z X sin. PZ 
cos. PX 
* Cos. 2 = pe d 





PX 70° 0’ 0” cos. 9:534052 
PZ 40 0 0 sin. 9:S08067 w 


257 51 12 cos. 9°725985 So 


The complement of the angle just 
found is the amplitude and can be taken »« 
from the top of the table. Ss 


Fig. 4. 





W 


Exercises in Quadrantal Triangles. 


I. In the quadrantal triangle A B C, given the quadrantal side (2) and 
ZB = 85° 20’, and side ¢ = 81° 36’, to find the other parts. wae 
ai ZA 90° 41’, Z C 8r° 34’, and side b 85° 23’. 
2. iven side } = go°, Z B = 80° 22’ ts 274’ 
hee te 9 32',and Z C = 100° 14’, to find the. 
Ans. a 22°31’, c 86° 6’, 7 A 22°13. 
3. Given a = 90°, b = ror° 15’, 7 C = 79° 26/ 
Ans. 2A 857, ZB ror 26. C 70° ee 36’, to find the other la 


FIGURE DRAWING 


The diagrams used to demonstrate the problems in Nautical Astronomy 
are generally drawn on the Stereographic Projection of the sphere on the plane 
of the rational horizon, as it is generally agreed that this projection shows 
the positions of the celestial objects, as viewed by an observer at sea, in the 
most natural way. 


The first circle drawn is the rational horizon and is called the primitive, 
and this circle contains the projection. 

Right circles are great circles seen edgewise and appear as straight lines, 
such as the meridian of the observer and the prime vertical. These right 
circles are always a diameter of the primitive. 

Oblique circles are great circles which lie between the right circles and 
the primitive, such as hour circles, the equinoctial and parallels of declina- 
tion. 

The six o’clock hour circle is that great circle which passes through the 
pole and cuts the rational horizon in the true east and west points. It is, 
therefore, obvious that when the latitude is 0° the rational horizon is also 
the six o'clock hour circle. The radius of the six o'clock hour circle increases 
as the secant of the latitude. 

The poles of the meridian of the observer are at the east and west points ; 
and the poles of the prime vertical are at the north and south points. 

The poles of all other circles vary in position according to the position of 
the observer. 

Celestial bodies are said to be circumpolar when they neither rise nor set, 
but circle round the pole of the observer always above his horizon. This is 
always the case when the Jatitude (the elevation of the pole) is greater than 
the polar distance of the object. 

We shall now construct a figure for latitude 40°; declination 10° N. ; 


easterly hour-angle 4 hours, using any scale of chords, tangents, semi- 
tangents and secants. 


Arrange the data thus: 


Lat. 40°N. | Declination 10° N. 


1 Co-lat. 50° 
Co-lat. 50 Polar distance 80 


Polar dist. 80 


Sum = 130 Comp. of H.A. 2 
Diff. = 30 


Hour angle 4 hrs. 
6 


Fic. 1.—With the chord of 60° in the compasses and from Z as centre, 
describe the circle N W SE, which represents the rational horizon. Draw 
the prime vertical W Z E, bisect the prime vertical, and draw N ZS, the 
meridian of the observer. and extend it both ways. 


To locate the Pole (P), take the semi-tangent of co-latitude (50°) in the 
68 
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dividers and place one foot on Z and the other foot will find P, the pole, on 
the meridian N Z S. 


To draw the Equinoctial W Q E 


Take from the scale the secant of the co-latitude (50°) and with one foot 
of the compasses on W or E, the other foot will find C, the centre of the 
equinoctial, on the meridian produced, and C W or C E is the radius ; draw 
the circle W Q E, and it will be the equinoctial. 


To draw the Parallel of Declination 


Take from the scale the semi-tangent of 130°, and with one foot of the 
compasses on Z the other will find the point a’ in the direction of N; also 
take the semi-tangent of 30° and with one foot on Z the other will find a” 
in the direction of Son the meridian N ZS. If the declination were greater 
than the latitude it would be Jaid off in the direction of N; bisect d@’ d” in 
f. and f is the centre of the parallel of declination and fd’ its radius; draw 
the circle d d” d and it is the required parallel. 


Explanation of Figure I 


NWSE = Rational Horizon. ad’ PZ = The Co-latitude. 
WQE = The Equinoctial. PX = Object's Polar Distance. 
P = The Pole. i » Zenith ,, 
NZS = Meridian of Observer. add@’d = Parallel of Declination. 
WZE = The Prime Vertical. 
e 

N 

1A 





To draw the four-hours Easterly Hour Circle 


Take from the scale the secant of the latitude and wi 
vith foot of the 
compasses on P the other foot will find x on the meridian N Zs: cheoneht x 
. cit vee eae e W ZE, which mark MN’; on this line will be found 
e centres of all the hour circles for that latitude. i ¢ is : 
of the six o'clock hour circle. Deca tins DORE Sah 


Lay off from P, with a protractor, the compleme 5 
, j : nt of the h le (30 
and draw P F, then F is the centre of the tie aidan Sastealiy roan 


70 FIGURE DRAWING 


and P F isits-radius ; draw the circle P X, and it will be the required hour 
circle. 


Now draw Z X, the zenith distance, and the figure is complete. 

If the 1, 2, 3, 4, 5 and 6 o'clock easterly hour circles be continued through 
the pole till they meet the primitive they will become the 11, 10, 9, 8, 7 and 
6 o'clock westerly hour circles respectively. 

It, therefore, follows that the centres of the easterly hour circles from I 
to 6 and the westerly hour circles from 6 p.m. to midnight lie to the west of 
the meridian on the line M x N’; and the centres of the westerly hour circles 
from 1 to 6 and the easterly hour circles from midnight to 6 a.m. lie to the 
east of the meridian on the line M x N’. 

It is practically impossible to draw the figures for latitude by ex-meridian 
altitude and latitude by the pole star to scale, owing to the arcs being so 
small, and it is usual to exaggerate the figures in these cases. 


Construct a figure for latitude 0°; declination 40° N.; hour-angle 4 hours 
East. 


Arrange the data as before. 


Latitude 0° Declination 40° N. Co-lat. go° Hour-angle 4 hrs. 
‘Co-latitude go Polar Distance 50 Polar Dist. 50 
Sum = 140 Comp. H.A.2_ 
Diff. = 40 


Fic. 2.—With the chord of 60° describe the circle N W S E, the rational 
horizon. Draw W ZE, the prime vertical and equinoctial, and N Z S, the 
observer's meridian, and produce it to @’. 


N.B.—The rational horizon is also the six o’clock hour circle in this 
case. 


To draw the four o'clock How Circle 


From Z towards R lay off the semi-tangent of 60° = 4 hours and with the 
secant of the complement of the hour-angle 30° = 2 hours, in the compasses, 
place one foot on N and the other foot will find the centre, C, of the four 


o'clock hour circle on W ZE, and P c is its radius. Now draw N R, the 
required hour circle. 


To draw the Parallel of Declination 
From Z lay off the semi-tangent of 140° towards N oh the meridian 
produced, which mark d’, also lay off the semi-tangont of 40° and mark «”; 
bisect d’ d” in f and with the radius f @’ draw the parallel of declination 
da’ d. 
Draw Z X, the zenith distance, and the figure is complete. 


In practice the arc of the hour circle from X to R would be 
omitted. P 


‘The centre of the hour circle, Fig. 2, can also be found in the same way 
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asin Fig. 1. Lay off from the meridian at N, by means of a protractor, 
the angle Z N C, and C is the required centre as before. 


a’ 





Fig. 2. 


Construct a figure for the Double Altitude Problem 


H. OM. mM. 
Lat. 45° N. Dec. 15° N. Co-lat. 45° ist H.A. 2 36E. and HA. x 54 W. 
Co-lat. 45 Co-dec. 75 Co-dec. 75 6 00 6 0 
Sum = 120 Comp. H.A 24 Gomp.H.A. 4 6 
Diff.= 30 


Fic. 3 is the figure constructed from the above data in the same 
manner as Fig. 1. But it is necessary to remark that the arc X’ X in the 
figure is an arc of a small circle, whereas it should be an arc of a great circle, 
as shown in Fig. 34, which, however, is not the same triangle as in Fig. 3, and 


is simply put in to show the method of finding the centre and radius of the 
great circle X’ X. 


Proceed as follows: Join the positions X’ X, Fig. 3a, by a straight 
line ; bisect it in the point C, and draw C C’ at right angles to X’ X. With 
the chord of 60° in the dividers and one leg on X’ or X, the other leg will 


find the centre of the required circle on the line C’C: draw the arc X’N X 
and it will be an arc of a great circle. 
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Fig. 30. 


Draw the amplitude figure for latitude 50° S. and declination ro° N. 


HW. BM 

Lat. 50° S. Declination ro°N. Co-lat. 40° Time of rising 6 49 
Co-lat. 40 Polar Distance 100 Polar Dist. 100 or Hour-angle = 5 11 E. 

Sum = 140 6 0 


Diff. = 60 Comp. of H.A.o 49 


Fic. 4. is constructed from above data. The angle N P R is the comple- 
ment of the easterly hour-angle and the point R is the centre of the 5h. 11m. 
easterly hour circle ; Cis the centre of the equinoctial WOE; /is the centre 
of the parallel of declination, dd”, and X the celestial object rising, and arc 
E X the rising amplitude. 


ee a 





FIGURE DRAWING 3 





Fig. ¢. 


N.B.—If a scale of secants is not handy, lay off from E. or W., on the 
primitive, the chord of the complement of the latitude, and from Z draw a 
line through the arc, measured by the chord, until it meets the tangent 
drawn from E. or W.; this line will be the secant required and is the radius 
of the equinoctial. It is obvious that as the latitude decreases to 0° the 
radius of the equinoctial increases to infinity and the equinoctial would, for 
all practical purposes, be a straight line. 
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It is necessary to begin by introducing a few preliminary definitions 
connected with the sphere. 

A SPHERE is a solid body, every part of the surface of which is equally 
distant from a fixed point within it which is called the centre. 

A SPHEROID is a solid body, having the form of a sphere, but not quite 
round,— being flattened in some particular direction. 

Every section of a sphere made by a plane is a CIRCLE of the sphere. 

A DIAMETER of a sphere is any straight line passing through its centre, 
and extending in both directions to the surface. 

The Pores of a circle on the sphere are those points on the surface of 
the sphere equally distant from the circumference of that circle. Every 
circle on a sphere has two poles, one on each side of its plane, and they are 
at the extremities of a diameter perpendicular to that plane. 

A GreEaT CIRCLE is any circle whose plane passes through the centre of 
the sphere ; and every point on the great circle is go degrees from its pole 
on the surface of the sphere. 

‘The centre of the sphere is the common centre of all its great circles, 
and no two great circles can have a common pole. 

GreEaT Circles of the sphere are equal, and when they intersect they 
cut one another into two equal parts. 

A SMALL CiRCLE is unequally distant from its two poles, since its plane 
does not pass through the centre of the sphere. Every point on the small 
circle is less than go degrees from one pole, and more than go degrees from 
the other pole of the sphere. 

A sphere is divided into two equal parts by the plane of every great 
circle : and into two unequal parts by the plane of every small circle. 

PARALLEL CIRCLES of the sphere are those circles the planes of which 
are parallel to the plane of some great circle; and all these circles have 
the same pole. 

The Arc of a circle is any part (small or large) of the circumference of 
a circle—it may be a degree or less, or many degrees, in length. 

The shortest DisTANCE between two points on the surface of a sphere is 
the arc of a great circle passing through those points. 

A SPHERICAL ANGLE is the inclination of two great circles of the sphere 
meeting one another. 

A SPHERICAL TRIANGLE is a figure formed on the surface of a sphere by 


the mutual inter sections of three great circles. 
74 
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Any two sides of a spherical triangle are together greater than the third 
side ; and the three sides of a spherical triangle are together less than the 
circumference of a great circle. 

In a spherical triangle the greater side is opposite the greater angle, and 
the greater angle opposite the greater side. 


» THE FIGURE AND MAGNITUDE OF THE EARTH 


The earth, consisting of land and water, is a body of a spherical or 
globular form, but not a perfect sphere, since it is flattened towards the 
poles. Hence it is a spheroid, or more properly an oblate spheroid. 

The earth is certainly not flat, as may be proved by various facts and 
phenomena. 


(1.) The most obvious of the several arguments which prove the 
sphericity of the earth, and what must particularly strike every mariner, are, 
that when approaching the shores of countries, the points of high rocks, 
lighthouses, steeples of churches, and other thin but lofty objects, come into 
view much sooner than houses or other buildings of greater magnitude, but 
less height ; in like manner, when ships are approaching each other at sea, 
the masts and rigging are discerned some time before the hull and lower 
parts of the vessel, though much larger, come into view. 


(2.) Seamen, it is well known, frequently discover distant lands from the 
tops of a ship’s masts, long before they are visible to those who stand upon 
deck. These circumstances prove that the surface of the earth is convex ; 
and as the same appearances happen wherever the observer is situated, this 
convexity must be approximately uniform: hence we conclude that the 
earth is globular. 


(3.) The sphericity of the earth is likewise demonstrated by navigators 
who have sailed quite round it, by constantly going westward and arriving 
home from the eastward, or going eastward and arriving home from west- 
ward, which could not be effected were the earth a plane. 

(4.) During an eclipse of the moon the shadow of the earth is thrown by 
the sun on the moon’s surface ; the shadow thus projected is invariably found 
to be circular, and such as could only be given by a spherical body. 

(5.) The actual measurements of an arc of a meridian in various parts 
of the world, together with a comparison of the results of pendulum experi- 


ments in high latitudes and at the equator, all tend to prove the same fact— 
that the earth is an oblate spheroid. 


DIMENSIONS OF THE EARTH.—The Astronomer Bessel gave the following 
constants as admeasurements of the earth :— 


Equatorial radius in feet . 


a Siaiaiaiek ta wiaias nese teay. dvs 20923600 
Polar radius niles BES se epi ee eats aver atye tee SAEEaee? 
Degree of longitude at equator ........... Le oe 365186 
Degree of latitude at equator .................. 362750 
ee i ab laty- 452s ccsademieanl anon oe 64566 
Pa vi at lat. 52° one 


Siraleeie estan she eh oxi es 365000 
i ” at the Pole 366396 
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The approximate dimensions of the earth considered as a spheroid of 
revolution may be taken to be— 


Equatorial radius in feet, 20926202 : in English miles, 3963-296 
Poiar radius a 20854895 : ae »  3949°791 


whence the equatorial diameter exceeds the polar diameter by 27 miles. 
Sir G. B. Airy makes it 26} miles, and the compression ,$, nearly. 


But from recent observations, and the result of actual surveying, the earth 
is not a spheroid of revolution ; the determinations of its various dimensions 
are given in a work on Geodesy by Colonel A. R. Clarke, C.B., as follow :— 
“If it be supposed that the earth is an ellipsoid with three unequal axes 
(diameters), then— 


Equatorial radius............-. flongest, in feet 20926629 
(shortest, in feet 20925105 
Polar radius’ sjs/.%s sists cnte oe eie cee teas aieelors » 20854477 


and the longest equatorial diameter meets the surface in long. 8° 15’ W. of 
Greenwich ; and the shortest in Ceylon. But it is necessary to guard 
against an impression that the figure of the equator is thus definitely fixed, 
for the available data are far too slender to warrant such a conclusion.” 
Thus the equatorial circumference may be roughly estimated at 25,000 
English miles, and the ellipticity or earth’s compression at about st». 


DEFINITIONS RELATING TO THE EARTH 


To point out the relative situation of places on the surface of the globe, 
geographers imagine certain points, lines, and circles belonging thereto; of 
these it will be necessary here to explain such of them as appertain more 
immediately to Navigation. 


Axis.—The axis of the earth is that diameter around which the earth 
daily revolves from west to east ; the revolution is completed in 24 hours. 


Pores.—The poles are the two ends of the diameter (or axis) around 
which the earth’s daily revolution is performed. The pole which is nearest 
to us, in Europe, is called the North Pole, and the other is the South Pole, 
and as the poles are the ends of a diameter they are 180° apart. 


Eguator.—The equator is a great circle on the earth equally distant from 
the two poles ; it divides the earth into two equal parts, called hemispheres ; 
the part having the North Pole for its centre is the Northern Hemisphere ; 
and the part having the South Pole for its centre is the Southern Hemisphere. 
Every point on the equator is go° (of ‘1 great circle) from each pole. 


MERIDIANS are great circles on the earth passing through both poles, and 
therefore perpendicular to the equator. Every place or point on the earth's 
surface has its meridian, and in this sense the meridian isa semi-circle extend- 
ing from one pole to the other, and passes through the given place. 

Most of the principal maritime nations havea national observatory ; and 
some of these nations, for the purposes of Geography and Navigation, adopt 
a first meridian whence longitude is reckoned ; thus the French adopt Paris 
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the Spaniards adopt San Fernando (Cadiz), and we (in the British Empire) 
sclect Greenwich, as the first meridian. Somesuch arrangement is necessary, 
for, while the starting point for latitude among all nations is the equator— 
that well-defined great circle midway between the poles, and which divides 
the globe into two equal parts—there is no such well-defined great circle 
on the globe whence to reckon the longitude. A congress has recently been 
held at Washington for the purpose of adopting a universal prime meridian, 
to be used by all nations, and Greenwich has been selected for this purpose. 


LatTiTuDE.—The distance of a place from the equator, measured (in 
degrees and parts of a degree) on the meridian of that place, is its latitude. 
As latitude begins at the equator, where it is 0° ; soit ends at the poles where 
it is greatest, or 90°. The latitude is N. when the place is situated in the 
Northern Hemisphere, and S. when it is situated in the Southern Hemisphere. 


PARALLELS OF LATITUDE are small circles on the globe parallel to the 
equator ; every place on the earth’s surface has its parallel of latitude, and 
any two or more places or points on the circumference of any one of these 
small circles, being equally distant from the equator, have the same 
latitude. 

The parallel of latitude 23° 28’ north of the equator is the Tropic of 
Cancer ; and the parallel of latitude 23° 28’ south of the equator is the 
Tropic of Capricorn. These parallels mark the limits of the sun's N. and 
S. declination. 


Difference of Latitude (Diff. Lat.) is an are of a meridian, or the least 
distance, between the parallels of latitude of two places, indicating how 
far one of them is to the northward, or southward, of the other. If two 
places have latitudes both north, or both south, their Diff. Lat. is found by 
subtracting the less latitude from the greater: but when one place is in 
north latitude, and the other in south latitude, the Diff. Lat. is found 
by taking the sum of the two latitudes. The Diff. Lat. can never 
exceed 180°. 


Loncitupe.—The longitude of any place on the earth’s surface is 
expressed as an arc of the equator contained between the meridian passing 
through that place and the first meridian whence longitude is reckoned to 
begin. Longitude, like latitude, is estimated in degrees and parts of a 
degree, and may be Eastward or Westward of the first meridian, reckoned 
from o° (when a place is on that meridian) to 180°,—the meridian on the 
opposite side of the globe. 

Longitude is also the measure of the angle at the pole between the first 
meridian and the meridian passing through a place. 


Difference of Longitude (Diff. Long.) is the arc of the equator, or the 
angle at the pole included between the meridians passing through any two 
places. If two places have longitudes both cast or both west, their Diff. 
Long. is found by subtracting the less longitude from the greater; but 
when one place is in east longitude and the other in west longitude, the Diff. 
Long. is found by taking the sum of the two longitudes ; and in the latter 
case, since the Diff. Long. of two places can never exceed 180°, when that 


sum is greater than 180°, subtract it from 360°, and the remainder is the 
Diff. Long. 
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Note.—lf we know the latitude of any place and not the longitude, or, 
on the other hand, the longitude and not the latitude, its position on the 
earth is not determined, because, if we say it is in lat. 42° N., it may be 
anywhcre on the parallel of 42° N. in E. or W. long., in the Pacific or in the 
Atlantic Ocean ; similarly, if we say a place is in long. 32° E., it may be in 
Europe, in Africa, in the Mediterranean, or in the seas south of the Cape of 
Good Hope. Hence both latitude and longitude are required to fix the 
pozition ; and when we say that a ship isin lat. 46° 20’ N., long. 32° 40’ W., 
we have its PLACE AT SEA accurately noted—a spot in the Atlantic—and 
a course can be shaped therefrom towards the port of destination. It is part 
of the routine of a voyage to determine the ship's place day by day, ap- 
proximately by dead reckoning, and more accurately by observation of the 
heavenly bodies. 


The Horizon of any place is that apparent circle which limits or bounds 
the view of a spectator on the sea, the eye being always supposed in the 
centre of the horizon. This circle is divided into parts similar to the 
divisions on the Mariner’s Compass. 


The Zones.—The earth is considered to be divided by certain circles, 
parallel to the equator, into broad spaces, called ZONES ; of these there are 
five, viz., one torrid, two frigid, and two temperate, in allusion to the 
general temperature which prevails in each of the regions. 


The Torrip Zone is that region of the earth over some part of which 
the sun is vertical at some time of the year. This zone is 47 degrees in 
breadth, extending to about 23° 28’ on each side of the equator ; the parallel 
of latitude bounding it in the northern hemisphere is called the Tropic of 
Cancer ; and in the southern hemisphere the limiting parallel is called the 
Tropic of Capricorn. 


The FRiGID ZONES are those regions of the earth around the Poles where 
the sun at certain times of the year does not rise or set for some days or 
weeks ; they extend round the Poles to the distance of 23° 28’. The parallel 
which bounds this limit in our northern hemisphere is called the Arctic Circle, 
and that portion of the globe included within it is the North Frigid Zone or 
Arctic Regions. The parallel which is at the same distance from the South 
Pole, in the southern hemisphere, is called the Antarctic Circle, and the space 
included within it is the South Frigid Zone, or Antarctic Regions. 


The TEMPERATE ZONES are those portions of the earth comprehended 
between the Torrid and the Frigid Zones ; they are distinguished respectively 
as the North Temperate and South Temperate Zone. 


I. To find the Difference of Latitude between two Places 


RvuLeE.—When the latitudes are both of the same name, that is, both 
North or both South, subtract the less from the greater, and the remainder 
will be the difference of latitude. But when one is North, and the other 
South, their sum will be the difference of latitude. 
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Examece I, What is the differ- 
ence of latitude between the Lizard 
and Cape Finisterre ? 





Latitude of the Lizard .. 49° 58’ N. 
Lat. of Cape Finisterre.. 42 53 N. 
Diff. of latitude ........ 7 5 

In miles ........ 425 


Exampce II. A ship from lati- 
tude 3° zo’ S. arrives in latitude 


2° 26’ N.: required the difference of 
latitude made good. 
Latitude left ......... » 3° 10’ § 
Latitudein ..... cesses 2 26 N 
Diff. of latitude ..... § 36 
60 
In miles ........ 336 


Il. With the Latitude left and the Difference of Latitude, to find the 
Latitude in 


RuLeE.—When the latitude left and difference of latitude are of the same 
name, their sum gives the latitude in; but when they are of different 
names, their difference is the latitude in, of the same name with the greater. 


ExampLe I. A ship from the 
West end of the Island of Madeira, 
in latitude 32° 48’ N., sails North 520 


miles* : what latitude is she in? 

Latitude of Madeira .... 327 48’ N. 

Diff. of latitude520 m. = 8 yo N. 
Latitude in ....... 4r 28 N. 


Example II. A ship three days 
ago was in latitude 2° 48’ N., and 
has since then sailed South 426 
miles : required her present latitude. 





-Latitude left .......... 2° 48' N. 
Diff. of latitude 426m. = 7 6 &. 
Latitudein ....... 43 S 


Lat. Lert is the latitude from which the ship has departed. 
Drier. Lat. is the change of latitude in any interval. 
Lat. in is the latitude at which the ship arrives. 


The method of obtaining the Lat. in, from the Lat. left and Diff. Lat.; is 
shown in the following examples and explanations— 


(x) 
Lat. left .. 49° 3'N. 49° 3’N. 1° 





(4) (5) (6) 
N. 49° 33'S. 49°3’ S.1° 3S 
Ss. 25S 25 N. 2 5N. 
Ss 51 8S 46 58 S I 2N. 


Understanding that latitude is reckoned from the equator towards the 


If you are in north latitude and sail north, Lat. left must be increased. 
If you are in north latitude and sail south, Lat. left must be decreased 


Tf you are in north latitude and sail south, and the Diff. Lat. exceeds 


the Lat. left, take the less from the greater, and the remainder will 


Diff. lat... 2 5 N. 2 Z S. 
Lat.in....51 8N. 46 58N 
pole :— 
(1) u 
by Diff. Lat. 
(2) u 
by Diff. Lat. 
(3) 
be the Lat. in, south. 
(4) 


by Diff. Lat. 


If you are in south latitude and sail south, Lat. left must be increased 


“ When the difference of latitude or longitude is pi i i i it j 
to be divided by 6o, to reduce it to degrees aud antes = py nee Se SUR 
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(5) If you are in south latitude and sail north, Lat. left must be decreased 
by Diff. Lat. 

(6) If you are in south latitude and sail north, and the Diff. Lat. exceeds 
the Lat. left, take the less from the greater, and the remainder will 
be the Lat. in, north. 


The Lat. in, when it has been obtained by dead reckoning, is indifferently 
called the Latitude by Account, or Latitude by Dead Reckoning, and 
written in short Lat. by Acc., or Lat. by D. R. 


IW. To find the Middle Latitude 


The Afiddle Latitude is the parallel of latitude midway between two 
places, hence it is half the sum of the two latitudes when they have the 
same name (N. or S.) ; half the difference when they have different names 
—one N. and the other S:— 











Lat. of A.. 46° 20’N. Lat. of C.. 4° 10'N. 

Lat. of B.. 39 20 N. Lat.of D.. 6 50 S. 
2)85 40 2)2 40 

Mid. Lat... 42 50 N. Mid. Lat... 1 20 S. 


IV. To find the Difference of Longitude between two Places 


Roure.—If the longitudes of the given places be both East or both West, 
subtract the less from the greater ; but if one be East and the other West, 
add them together, and the sum or remainder will be the difference of 
longitude. When the sum of the two longitudes exceeds 180 degrees, 


subtract it from 360 degrees, and the remainder will be the difference of 
longitude. 


ExaMpLe I. What is the differ- Example IJ. A shipsailing west- 
ence of longitude between the Lizard | ward from Nortn Cape, New Zea- 
and St. Mary’s, one of the Western | iand, arrives in longitude 164° 47’ 


Islands ? W.: required the diff. of longitude 
made good. 

Longitude of the Lizard 5° 12’ W. | Long. of North Cape .. 173° 5/ E. 
Longitude of St. Mary’s 25 10 WW. Long. ofship ........ 164 47 W. 
Diff. of longitude 1g 58 SUM o5 cccvdnsteaetess 337. 52 

60 360 oO 
In minutes (‘) .. 1198’ Diff. of longitude 22 8 
60 
In minutes (‘) .... "1328" 
V. With the Longitude left, and Difference of Longitude, to find the 
» Longilude in 


RvuLE.—If the longitude left and difference of longitude are of different 
names, subtract the less from the greater, and the remainder will be the 
longitude in, of the same name with the greater ; but if the longitude left 
and difference of longitude are of the same name, their sum will be the 
longitude in, of the same name with the longitude left. 1f, however, this 
sum exceed 180°, subtract it from 360°, and the remainder will be the 
longitude in, of a contrary name to the longitude left. % 


eT ene ee 
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ExamPLeI. Supposea ship from Example IJ. If a ship from 
Si. Helena sail eastward until her | longitude 176° 49’ W. sail westward 
difference of longitude be 220’: re- | until her difference of longitude be 





quired her longitude in. 10° 14’, what is her present longi- 
tude ? 
Long. of St. Helena ..... 5° 44' W. | Longitude left ........ 176° 49’ W. 
Diff. of longitude 220’ = 3 40 E. | Diff. of longitude ..... ro 4 W. 
Longitude in ....... 2 4 W.: SUM. Se5e ie eau eutns 187 3 W. 
| 360 Oo 
Longitude in ..... 372 «457 E. 


Lona. LEFT is the longitude from which the ship has departed. 
Dirr. Lona. is the change of longitude in any interval. 
Lona. IN is the longitude at which the ship arrives. 


The method of obtaining the Long. in, from the Long. left and Diff. 
Long., is shown in the following examples and explanations :— 





(T) (2) (3) (4) 
Long. left .......-0- 4o° E. 40° E. 3° E. 34° W. 
Diff. Long. ......+--- 2 E. 2 W. 5 W. 4 W. 
Long. in... eee cece eee 42 E, 38 E. 2 W. 38 W. 
(5) (6) (7) (8) 
Long. left ... 1.040. 34° W. 2° W. 178° E. 179° W. 
Diff. Long. ........-. 4 £E. 6 E. 6 E. 5 Ww. 
Long. in......-..6--- 30 «(Wz 4 £. w84 E. S40 W. 
360 360 
Long. in 176 W. 176 E, 


Understanding that Longitude is reckoned E. or W. from the meridian 
of Greenwich to 1§0° :— 


(1) If you are in east long. and sail east, Long. left must be increased 
by Diff. Long. 

(2) Jf you are in east long. and sail west, Long. left must be decreased 
by Diff. Long. 

(3) If you are in east long. and sail west, and Diff. Long. exceeds Long. 
left, take the less from the greater, and the remainder wil) be the 
Long. in, wesé. 

(4) If you are in west long. and sail west, Long. left must be increased 
by Diff. Long. 

(5) If you are in west long. and sail east, Long. left must be decreased 
by Diff. Long. ; 

(6) If you are in wes? long. and sail east, and Diff. Long. exceeds Long. 
left, ae the less from the greater, and the remainder will be Long. 
in, east. 

(7and8) If the sum of the Long. left and Diff. Long. exceeds 180°, take 


the sum from 360° for the Long. in, which will have a different 
name from the Long. left. 
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Examples for Practice 


1. Required the difference of latitude and longitude between Ushant in , 
lat. 48° 274’ N., long. 5°73’ W., and Cape Ortegal in lat. 43° 45’ N., long 
7° 56’ W. 

Ans. Diff. of latitude 2824 miles; diff. of longitude 168}’. 


2. What is the difference of latitude and longitude between the Cape of 
Good Hope in lat. 34° 21’ S., long. 18° 30’ E., and St. Helena in lat. 15° 55’ S., 
long. 5° 44’ W.? 

Ans. Diff. of latitude 1106 miles ; diff. of longitude 1454’. 


3. Required the difference of latitude and longitude between Cape Verde 
(paps) in lat. 14° 43’ N., long. 17° 34’ W., and Cape St. Roque in lat. 5° 29’S., 
long. 35° 15’ W. 

Ans. Diff. of latitude 1212 miles ; diff. of longitude 1061’. 


4. Required the difference of latitude and longitude between Cape Clear 
(Ireland) in lat. 51° 26’ N., long. 9° 29’ W., and St. Agnes Light (Scilly 
Islands) in lat. 49° 53%’ N., long. 6° 20)’ W. 

Ans. Diff. of latitude 92} miles ; diff. of longitude 188}’. 


5. Aship from Funchal, in Madeira, in lat. 32° 38’ N., long. 16°55’ W., 
sails in the S.E. quarter until her difference of latitude is 326 miles, and 
difference of longitude 425’; required her present latitude and longitude. 

Ans. Latitude 27° 12’ N.; longitude 9° 50’ W. 


6. Acship from latitude 2° 56’ S., and longitude 5° 14’ E., sails north- 
westerly until her difference of latitude is 352 miles, and difierence of 
longitude 628’ ; required her present latitude and longitude. 

Ans. Latitude 2° 56’ N.; longitude 5° 14’ W. 


7. Aship from the Equator, and longitude 89° 17’ E., sails south- 
westerly until her difference of latitude is 370 miles, and difference of 
longitude 118’ ; required her present latitude and longitude. 

Ans. Latitude 6° 10’S. ; longitude 87° 19’ E. 


8. A ship from Cape East (New Zealand) in lat. 37° 4o’ S., long. 
178° 36’ E., sails in the N.E. quarter until her difference of latitude is 114 - 
miles, and difference of longitude 297’; required her present latitude and 
longitude. 

Ans. Latitude 35° 46’ S.; longitude 176° 27’ W. 


9- Required the difference of latitude and longitude between Valparaiso 
in lat. B54 2’ S., long. 71° 41’ W., and Gutzlaff Island in lat. 30° 47’ N., 
long. 122° 11’ E. 

Ans. Diff. lat. 3829 miles ; diff. long. 9968’. 


MARINE SURVEYING _. 


About one hundred and ten years ago John William Norie brought out 
the first edition of his ‘“‘ Epitome of Navigation.” In the chapter on 
Marine Surveying he said— 

“The art of surveying coasts and harbours being very essential to those who visit unknown 
parts is treated in a manner which it is hoped will make its acquisition and practice perfectly 
easy. Notwithstanding the great importance of accurate surveys of various coasts and 
harbours frequented by mariners, it must be confessed that this branch of the nautical art has 
been little attended to, and that the opportunity which so frequently occurs to seamen is 
almost entirely neglected. We therefore think it proper to lay down a few general directions 


showing how a coast or harbour may be easily surveyed with such instruments as are used 
at sea.” 


At the present time there are few places that have not been surveyed, 
but there are many places that have not been thoroughly surveyed, many 
places that were surveyed so long ago that alterations, sometimes of serious 
extent, have taken place, or the navigator may come upon an uncharted 
bank or rock, or obtain other information he desires to record. He should, 
therefore, know how to fix a position accurately upon a plan or chart, 
or if necessary construct a chart for himself and put in anything he 
desires. So, repeating Norie’s words— 

We therefore think it proper to lay downa few general directions how to 
make a survey of a harbour, fix the position of a rock, shoal, or wreck. 


INSTRUMENTS 


CHRONOMETER whose rate on G.M.T. is known. 

SEXTANT properly adjusted, and whose centering error is known. 

ARTIFICIAL Horizon for use on shore. 

A Hack WATCH. 

AzimuTH and PORTABLE COMPASSES. 

ANEROID BAROMETER marked in feet (mountain use). 

CAMERA for Photographic observations. 

A RELIABLE TAPE MEASURE and other measures. 

Fietn’s PARALLEL RULERS. 

STATION POINTER. 

PROTRACTOR. 

DrawinG Boarp and T Square. 

A number of pointed staves to mark off distances when measuring the 
base line. 

Several long staffs with bunting at the end to mark special points. 

A bucket or two of whitewash to help to distinguish a station. 

Morse and Semaphore Flags for communication from a distance 


For Work on the Water— of 


Patent Log. 
Lead Line marked in fathoms and feet. 
83 G2: 


&4 MARINE SURVEYING 


A painted pole marked in feet and half-feet for shallow water and, if 
there is time, for tidal observations. 

A tidal gauge or pole with alternate feet painted black and white also 
showing half-feet or tenths of a foot. 

Book to record angles, distances, depths of water, height of hills, and 
any other notes for plotting on the chart. 


TO SURVEY A BAY OR HARBOUR. 


Take a general] view of the place either by walking or sailing round it ina 
boat or steam launch or by both. 

During the journey make notes and rough sketches, or, better still, take 
photographs of the most prominent objects, headlands, bays, hills, or moun- 
tains, particularly when they come in line, and of anything conspicuous or 
remarkable. ; 

Select a place suitable for a base line. A long level stretch of sand 
at sea level is the best, but it must not be land-locked, as it is necessary 
that as many objects, headlands, and points should be seen from both ends 
of the line as possible. 

It is possible that suitable marks will have to be made by the use of staffs 
or otherwise. All the information should be marked on a rough sketch and 
the objects observed named, lettered, or numbered, in order to distinguish 
them when wanted. 


The Base Line. 


The fixing of the base line must be done with all possible accuracy, for an 
error in the base line will throw out all the observations referred to it or 
derived fromit. The position should be selected with care either on the Jand, 
or when it is not possible to get a land base, then on the water. If not 
all, then most of the stations should be visible from each end of the line. 
Its length and direction should be such that the angle contained between it 
and any of the stations taken from one end of the base line may differ at 
least ten degrees from the same object taken from the other end thereof. 
Set up the two station marks as far apart as the ground permits, and 
accurately measure the distance between them by 


Direct measurement, 

Velocity of sound, 

Astronomical observation, 

Masthead angles, 

Patent Log while under steam; or.-by a combination of more than one 
method. 


Direct Measurement. : ! 


Having marked the observation station and called it A, select position of 
B, then stick into the ground at intervals flagstaffs sighted in exact line 
between them so that the measurers may get the true direction. 

Measure with the tape 100 feet of well-used and stretched deep-sea lead- 
line or sounding wire. Splice a ring one or two inches in diameter into both 
ends ;, let that length be 100 feet over all. Have a quantity of wooden 
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staves one inch square, two feet long, pointed at one end. Unship the staff 
at station A and drive in a peg; slip the ring at one end of the line over 
it, take the other end towards the flagstaff and station B, haul it well taut, 
drive in a peg, and ship the other ring over it. The line should be sighted 
to see that it is in the right direction, then measured to see that it is right 
ain length. The first end is then slid off the first peg and carried forward and 
the station staff replaced. 

When the line is again taut another peg is driven in and the ring shipped 
ontoit. This process is repeated until station B is reached. The number 
of pegs represent the number of hundreds of feet or any other agreed unit 
of measurement. The line should occasionally be remeasured with the tape. 

Measuring on the water between two buoys, boats, or rocks the wire should 
be attached to floats to keep it from sinking, and as long a stretch as 
possible made. A boat or buoy moored takes the end. Such a measure- 
ment should be made when there is no tide or currents. Such measurements 
are only possible for short bases. When the base is a mile or more in 
Jength and cannot be measured as above the distance can be measured by 
sound. 


Sound Measurements. 


A small gun is mounted at each end of the base line. When all is ready 
the gun is fired and the interval between the flash and the report is accur- 
ately noted by hack watch. A gun is then fired from the other end and the 
operation repeated several times. The mean of all the times is taken as the 
true time. The distance is then found from the formula. Distance=Time x 
velocity of sound at the given temperature. Sound travels at the rate of 
1,091 feet per second at the temperature of 32° F. and increases ro feet 
per second for an increase of 9° in temperature. 

Example-—The mean of the times of the observations was 11-5 seconds, 
tempcrature 60°. Required the distance. 

Formula.—D = T * (v+ x); where D = distance; T = time; v = velocity at 
standard temp. and x =correction for difference of temperature above freezing 
point. 

v rogr feet Observed temp. 60° 
*% +31 Standard ,. 32° 9: 28° : ; 10 feet: x 
(u-+ x) 1122 Diff. 28° 


115 22% 10 280 





PhD oO x = — = 3I feet. 
5610 9 9 
12342 If the observed temperature were below 
129030 feet Log. 4-rro69r the freezing point the formula would 
6080 feet Log. 3-783904 be modified. z.e. (v + x) would become 
D =2-122 m. Log. 0:326787 (v— 2). 


_As an error of -1 second causes an error in the measurement of x00 feet 
this method is not suitable for short base lines. 


Masthead Angles. 


When from any reason a base cannot be fixed on shore, then a base 
must be measured on the water. The vessel forms one station and the other 
station may be fixed on shore preferably, or by a boat moored at a 
suitable distance and direction. The distance is obtained by measuring 
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the angle made by the masthead and the waterline. The height of the 
masthead being known and the angle measured, the distance is found by the 
formula D=M cot. A. 

Where D=distance. M=height. and A=the angle subtended. 

Example—From masthead to waterline measured 200 feet. 

The angle subtended from the shore station was 5°. What is the 
distance from the ship ? 


M= 200 feet log = 2:301030 
A= 5° cot. =11-058048 


D=2286 feet log =13-359078 


Patent Log 


The two positions being determined and marked by boats, buoys, or in 
any other suitable way, take up a position some distance from the first buoy ; 
when well under weigh stream the log. Note the log when the buoy is 
a beam and note again when the second buoy is abeam, also note the tire 
elapsed. If possible this should be repeated, steering the opposite course. 
and the mean taken as the distance. It should be done at slack water 
where there is a tide. 

In ali cases the true bearing of the base line should be found by the 
sun's bearing in transit across the two stations, or ifa light is tixed at cach 
end of the base, bearings can be taken frequently by stars, or the bearing 
may be found by azimuth and sextant angle combined. 

Compasses cannot be depended upon when they are landed on strange 
ground; there may be magnetic ore in the neighbourhood. 


Tidal Observations, Soundings, etc. 


The most important information on the chart, to the navigator, are the 
soundings. There are therefore two prime objects to be kept in view— 
the depth of water and the nature of the bottom. The latter information 
is indispensable to the seaman in foggy weather. He should also gather 
all the information he can as to the set and drift of the tide at flood and ebb 
and at spring and neap tides, and carefully note any local peculiarities. 

While operations on‘shore are going forward a “ tide gauge’ should 
be set up, fixed in a well-sheltered place easy of access and in such a manner 
that the zero of the gauge is below the lowest low-water mark. The gauge 
should be firmly fixed, able to withstand any weather. Observations should 
be continued through a lunar month, if possible. The mean of ail the high 
and low-water readings will give the half-mean spring range or what would 
be the mean level of the sea if there were no tidal rise and fall. The half- 
mean spring range is the true scientific level of reference in all matters. 
relative to the tides. This data should be markedin a permanent manner 
by being cut in the rock or on a spot or in some other suitable way that would. 
ensure permanency. 


Soundings. 
Determine upon what plan and in what direction it is intended to rum 
out lines of soundings. Note any objects in transit, especially if well 


ieee, 
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distant from one another. If there are no natural objects in line use flag 
staffs, keeping them one behind the other as far apart as possible, shifting 
them to suit each new line. Fix the boat’s position at :tarting by sextant 
angles and station pointer, and fix anywhere slong the line of soundings 
when suitable objects present themselves. Make a good fix at the end of 
the line. 

The boat should be pulled on these lines at a uniform speed and casts 
of the lead made at regular intervals; the time, the depth, and the nature cf 
the bottom should be carefully noted. 

In a harbour were the tidal range is not known an observer should 
be stationed at the tide gauge to note the height every half-hour, but at 
more frequent intervals at about the time of high and low water. The 
watches used at the tide gauge and by the boat parties should be compared 
before and after operations. : 

The lead line should be wetted, stretched, and marked in fathoms and 
feet. For shallow water a staff or pole is used, marked in feet and tenths of a 
foot ; the pole is shod with a square piece of wood to prevent the pole 
sinking into the mud. 

All soundings must be reduced to mean low-water spring tides before 
they are inserted on a chart. This information is obtained by means of the 
tide gauge, and is the result of the observations carried through a full month. 


To fix the Position of a Rock or Shoal when out of sight of land. 


Required : Position, extent, depth of water on the rock or shoal. 

In bad weather no fixing of any value can be made. In fine weather 
and smooth water the fix will depend on the accuracy of the vessel’s 
position. Assuming that to be correct, and a shoal patch discovered, send 
a boat away to anchor if possible in the least water. The observer in the 
boat should be provided with a lead line, a sextant, a reliable watch, note- 
book and pencil, and Morse or semaphore signalling flags. When the boat 
is in position the vessel] steams or sails round the boat, sounding at ir- 
tervals and asking the boat to take masthead angles as they are required, 
at the same instant compass bearings of the boat are taken from the ship. 
This is repeated until the circuit of the shoal is made. 

With the data obtained the boat’s position can be plotted with reference 
to the ship, and ship’s position with reference to the boat, by working ovt 
the masthead angles for the distance and the direction by the compass bearing 
corrected for compass error. At one, or move than one, position the ship 
is fixed by observation, from which the position of the shoal can be worked 
out. 

It is hoped that the following examples will enable the student to grasp 
the principles involved in carrying out a survey and inculcate in him a 


desire to master this much-neglected branch of useful knowledge to the 
mariner. 


Exampce I. 
Let it be required to survey the harbour shown in Plate I. by observations 
made on the water. ; 


Having sailed round the harbour and fi 


xed upo 1 stations on 
the coast, let the two bi oys Pe ee 


» A and B, be moored so that all the points or 
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stations selected may be seen from both A and B; the bearing of B from & 
is 45°, that is, N. 45° E. true, the variation 23° W., and the distance one 
mile ; then, having taken the boat to the stations A and B, ass!ime the 
following bearings to have been taken. The bearings are given both true 


and magnetic, but it is advisable to construct plans from true bearings, as 
they will not be affected by lapse of time. 





OneNautic Mile 


9 s 





Soundinas en Fathoms 








From Station A From Station B 
C bore 99° true = S. 58°. mag. Chore 120° (rue = S$. 37° E. mag. 
D: (y, 9922 ae oo Sale MOSM UO 2.5Q 0c 
EO, G22 0. = NxS5alian. Ea, Dee =—0 9.85 1a. a 
F |. 282", = Nesraloene ieplmeeemerionecs =i. 34° 1h. 5s 
G: ,,. W2e 3 6 Na see | @ 5 gee 5 SI Naa 
Hf, 3285 Naomi He EL oe 2550 0, == BNE 52° WN. CC, 
I ,, 249° 4, =NiSSoWo, fee esse — 0. So” W. ,, 


These bearings were checked by sextant angles from A and B, and the 
positions of A and B as found by the station pointer were in agreement with 
the positions of A and Bas laid down on the plan. 


’ Sextant angles from A Sextant angles from B 
179° H44°G G 47°F 87° D 


a rec eeeneenennene 
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EXAmr_Le II. 

Wanting to survey a coast whilst sailing along it, I ran from A to B (see 
Plate IT.}), 248°, 6 miles; from B to C, 270°, 4 miles; from C to D, 331°, 
3°5 miles, taking the following bearings and angles at each station. All 
courses and bearings are true. 
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Scale of Latitude z 
& Distance ere Scale of Longitude 
eer or ett 
0 ! 2 3 Miles if ° aoe eoia Ss 
Plate UH. 
From A From B From C 
G bore 310° K bore 328° K bore 46° 
Angle G AE = 58° Angle K BL = 18° Angle KCI =13}° 
» GAF =25° » KBI =20° » KCL = 36° 
» GAH=2r° 30° . KBH=55}° » KCM = 43° 50° 
» KBG=60° , KROn eee 
From D , KBF= 69° » KCO = $83} 
N bore 20° » KBE =79}° 


Angle N D O = 67° 
» NDM = 22° 
EXampvie III. 


Let it be required to make an accurate survey of the harbour and 
adjacent island and make a plan (see Plate III.). : 
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Sail round the coast to be surveyed, and fix station staves on the principal 
points where there are no remarkable objects to distinguish them ; at the 
same time make a rough sketch of the harbour, on which denote the positions 
of the objects and station staves by the letters a, 6, c, d, etc.; seck fora 
proper place on the shore on which a base line may be measured; and as 
there is no part of the coast that commands a view of all the stations, it will 
be necessary to measure two base lines. The base line A B is first fixed 
upon, the ground being level and a considerable number of the stations being 
visible from each extremity; its length, as measured by a chain, is 8 cables, 
and the bearing of B from A is 50° (N. 50° E.) true. 

From each vend of the base measure the angles contained between the 
base line and the several stations within sight, which are as follows— 


” Marsh 


te 

nm 

= 
= 


Senty™ 
Eee an 
eee ts z% 4 J 





From Station A From Station B 

Angle B A} = 23° 15' Angle A Ba =ErSoot 
DA ( = 5r 50 Pe: = 37 30 

» BA a =80 o 5 6 ASBIC = 49 I5 

» BAe =93 45 » ABD = 65 10 
» BAchurch spire = 86 o A. ak IBY = 69 30 

poe GALE =24 I5 a dae =36 0 

a CA@e@ 47, DD ” ab = 60 oO 

» ABchurchspire = 15 0 


eae eS 


MARINE SURVEYING or 


The above are all the stations that are visible from each of the stations 
A and B, hence it is necessary to fix upon a place where another base line 
may be measured from each end of which the remaining stations can be seen. 
The most convenient spot is between D and E; let D E be the second base 
line, its length being 6-6 cables, and the bearing of E from D 293° (N. 67° W.) 
true ; but as its southern extremity D can be seen only from one end of the 
first base line, the Z d C D is to be observed from station C (on the island) 
in order to ascertain the position of the second base with regard to the first ; 
this angle is found to be 45° 40’. Now observe the angles formed by lines 
drawn from each end of this base line to each of the station staves or other 
objects, which are as follow— 


From Station D From Station E 
Angle ED k = 20° 55’ AngleD Eg = 22° 0’ 
» EDS =60 50 » DES =72 15 
» {Dg =77 0 » fEk =69 10 


In sounding for depths of water, a shoal was discovered in the western 
entrance, and in order to fix its extremities, buoys were placed at 7 and A, 
and the following true bearings taken— 





From Station D | From Station E 

i bore S. 77° W. t bore S. 44° E. 

h ,, S.16°W, h ,, $34°E. 
ANCHORAGES 


When c (on the mainland) bears N. 144° E. and the angle between c and 
b is 81°, the vessel is on the anchorage ground for large vessels in Sandy Bay; 
and when D bears N. 76° W. and the angle between Town church and D is 
82°, the vesscl is on the anchorage ground in Town Bay. 

The above angles and bearings being laid off will give the positions of all 
the stations relative to the base lines. If it be desired to fix the geographical 
positions, it will be necessary to fix the latitude and longitude of some 
prominent place, as in Example II., by astronomical observations, from 
whence the geographical position of any other point can be found. The 
latitude will be determined by meridian and ex-meridian altitudes of sun 
and stars, and the longitude by sun and star chronometers taken on or near 
the prime vertical, and observed in an artificial horizon. The true direction 
of the base line must be found by reference to the true meridian, the direc- 
tion of which will have-been determined from the sun’s true bearing, either 
computed or taken from the azimuth tables. 


In order to plot the observations in the three examples just given, proceed 
as follows : 

‘ Mount the paper on a drawing-board. Select a convenient position on 
ie paper and make a dot and enclose it in a circle: this will represent the 
° ge station. Through the observatory station draw the true 
ae lan. The spot chosen should admit of all the stations being got on the 
c From the observatory station draw the base line in the true direction on 
the required scale, and at the other extremity make a clear mark. 
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From each end of the base line lay off the angles or bearings observed by 
means of a protractor or Field’s parallel rulers, and where the several lines 
intersect each other will be the position of each station relative to the base 
line. 

In these examples only the prominent points have been fixed, so that the 
work could be easily followed and the method of carrying out the work 
clearly seen. 

For the purpose of cutting i in the coast line a sufficient number of stations 
must be selected to enable the work to be done with accuracy, and, in all 
probability, it will be necessary to use other base lines for this purpose, 
remembering that it is better to cut inwards from a long base than outwards 
from a short base. Any of the sides of the triangles can be computed and 
used as new base lines, and the work of fixing the stations carried out 
exactly in the same manner as explained above. 

Insert as much topographical detail as is necessary, also lines of soundings 
with the nature of the bottom, using for this purpose the conventional signs 
and abbreviations. The scales of latitude and distance, and longitude, should 
always be drawn on the plan, so that any alteration, owing to atmospheric 
changes, will affect each in the same manner 


In Plate HI there are some shallow patches at the eastern entrance, 
some of which dry at low water. A vessel entering or leaving the harbour 
will clear the danger by keeping an angle of 35° on the sextant between the 
two beacons at the eastern entrance. For example: the dotted line at the . 
eastern extremity represents a vessel approaching from the eastward; at 
the point of contact with the circle the church and eastern beacon are in 
transit, and the horizontal angle between the beacons is 35°; by maintaining 
this angle on the sextant the vessel cannot get into danger, and when the 
eastern beacon and the farmhouse are in transit the vessel is clear of all 
danger, and can shape courses for the anchorage. A vessel leaving the 
harbour and bound to the castward would be clear of all danger when the 
eastern beacon and the church were in transit and the angle between the 
beacons was 35°. 

Any student wishing to prove that the ship is on the circle so long as the 
angle is 35°, can do so by taking a piece of tracing paper and drawing an 
angle of 35° on it; then place the angular point on any part of the circle 
seaward of the two beacons, and the legs forming the angle will lie over the 
two beacons ; now move the angular point round the circle, and the legs will 
continue to lie over the two beacons, but it will be observed that one leg 
shortens as the other lengthens, the angle remaining the same. A vessel 
striking any part of the circle seaward of the two beacons would have an 
angle of 35° between them. 


CHART CONSTRUCTION 


Before commencing chart construction it is necessary, for the proper 
understanding of a chart, to have a thorough knowledge of what is meant 
by the expression “‘ Natural Scale,’’ which is found in the title of a chart 
or plan expressed as a fraction. The ‘‘ Natural Scale,’ when properly 
understood, conveys an idea of how much detail can be shown on a chart or 
plan. 

Der.—The natural scale is the ratio which the length of a certain unit 
on the chart bears to the real length of that unit on the earth’s surface ; 
for example, natural scale a7 means that r inch on the chart represents 

4#3 
72,960 inches on the earth's surface, or x nautical mile of 6,080 feet equal to 
72,990 inches. In the following examples the mean length of a minute of 
latitude is used, but it must be distinctly understood that in constructing a 
plan the real length of a mile for that particular geographical position for 
which the plan is constructed must always be used. 

The following natural scales, fully explained, will make the subject 
clear. The numerator represents 1 inch and the cenominator the number of 
inches on the earth's surface equivalent to it. : 











Natural Scale I = 1 inch tor mile, because x irch represe::ts 72,960 inches 
72400 on the carth’s surface, cqual to a mile of 6,080 feet. 
I ’ : : ERs ee) . 
sh . 14592) = TL inch to 2 miles, because 145,920 inchcs = 2 miles. 
I 
» 3888p =F» 9 Sw » 218,880 » =3 » 
I ts : : 
= =) 
‘i a 24320 3 inches to 1 mile Pr 24,320 i .4 ofa mile. 
I 
ee eG a eT ” 12160 », =%t%n, » 


It will be observed that as the denominator increases the scale of the 
chart or plan decreases, and as the denominator decreases the scale increases 

If the scale of inches per mile be given to find the natural scale, divide 
the numbcr of inches in a mile by the scale of inches per mile, and the result 
is the natural scale required. 


Example.—lIf 3 inches represent one mile, what is the natural scale ? 


in. 

72900 + 3 = 24320 
I 

24320 


Ans, Natural scale = 





If tne natural scale be given to find the number of inches which represent 


I mile, divide the number of inches in a mi i 
Dae mile by th Y I scale and 
the result is the number of inches required, ee 
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Example.—Given the natural scale 





~ to find the number of inches 
12160 


representing I mile. 
in. 
72960 + 12160 = 6 
Ans. 6 inches represent 1 mile. 


If the natural scale be given to find the number of miles to 1 inch, divide 


the given natural scale by the number of inches in a mile and the result is the 
number of miles to 1 inch. 


i I ; 
Example 1.—Given the natural scale aaa to find the number of miles 
represented by 1 inch. 


12160 + 72960 = -16 
Ans. +16 of a mile. 


Example 11.—Given the natural scale a to find the number of 
5 
miles represented by 1 inch. 





145920 + 72960 = 2 
Ans. 2 miles to x inch. 


* Given the longitude scale 6 inches to one degree, find the length between 
47° N. and 48° N.; that is, the latitude scale. 
Lat. scale = long. scale x sec. of middle latitude. 


Long scale 6 inches Jog. 0778151 
Middle lat. 47° 30’ — sec. 10°170317 


8-88r log. 0-948468 
Ans. Latitude scale = 8 88x inches. 








Given 6 inches to a degree of middle latitude, to find the longitude scale, 
the middle latitude being 47° 30’ N. 


Long. scale = middie lat. scale x cosine middle lat. 


Middle lat. scale 6 inches log. 0-778151 
” ” 47° 30’ cos. 9829683 
4054 log. 0607834 
Ans. Longitude scale = 4-054 inches. 


Let it be required to find the length of the meridian between lat. 50° N. 
and 50° 40’ N., when the longitude scale is 6 inches to x degree. 


Lat. 50° mer. pts. 3474-47 The mer. parts between lat. 50° 

Lat. 50° 40’ mer. pts. 3537-14 and lat. 50° 40’ N. are 62’-67, and 

n 50° and 50° 40’ = 62-67 this distance, taken in the compasses, 

Mer. parts: between.0: and'50° 40" =: 0207 st cscch dro Lit 50° to 50° qo’ N. 
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Or the length can be found by multiplying the number of inches repre- 
senting 40’ of longitude by the secant of the middle latitude. To find the 
number of inches for 40’ of Long. 


60’ : 6": : 40’: x 
4o x 6 





oe 4 inches, the length for 40’ of Long. 
To find the number of inches between 50° N. and 50° 4o’ N. 
4in. log. 0-602060 
Middle lat. 50° 20’ sec. r0-194961 Length between 50° N. and 50° 40’ N. is 6-27 


6-27 log. 0-79702I jaches: 


METHOD OF CONSTRUCTING A MERCATOR’S CHART 


For the sake of the younger students it may be advisable to notice the 
following points. On the sphere the distance between the meridians de- 
creases from the equator towards the pole, where they all meet, whilst the 
parallels of latitude are everywhere practically the same distance apart. 
Now on a Mercator’s Chart the meridians are the same distance apart in all 
latitudes, but the distance between the parallels increases from the equator 
towards the pole in the same ratio as the distance between the meridians 
has been increased ; that is, as the secant of the latitude. The meridional 
parts between any two parallels are found by multiplying a degree of 
longitude at the equator by the secant of the middle latitude. For example : 
find the meridional parts between 47° N. and 48° N. The middle latitude 
is 474°, and 60’ x sec. 474° = 88 82 minutes of longitude. It would serve 
no useful purpose to multiply 1 minute of longitude by 47° 1’, 47° 2’, etc., up 
to 48°, and taking the sum of all the products, because by using the secant 
of the middle latitude the result is, for ail practical purposes, the same. [It 
is obvious from what has been said that all distances measured on a chart on 
Mercator’s Projection must be measured on the graduated meridian in the 
latitude in which the ship is. 


On a Mercator’s Chart the mile of latitude 
= the minute of long. x sec. lat. 
.". minute of long = mile of lat. x cos. lat. 


One minute of longitude at the equator is called a geographical mile and 
contains 6,086 feet. It is very nearly equal to the average length of a minute 
of latitude. The length of a minute of latitude at the equator is 6,043-4 
feet and at the poles 6,128-6 feet, and the mean length 6,080 feet. 


Construct a Mercator’s Chart on a scale of 6 inches toa degree of longitude 
extending from lat. 47° N. to lat. 50° N. and from long. 20° W. to long. 25° W. 


Method I, using Meridional Parts 


Lat. 48° A 3 : 
a mer. pts oN Lat. 49° Mer. pts. 3382-08 Lat. 50° mer. pts. 3474°47 
a 2 ‘ 7 » 48%, 4, 3201-53 » 49% «3382-09 
jer. P Ss. etween Mer. pts. between Mer. pts. between 
47° and 48° = 88-82 es 


48° and 49° = 0-55 qg%and 50° = = 92-38 
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Meridional parts are minutes of longitude at the equator. 


Between lat. 47° and Jat. 48° the parallels of lat. are 88’-82 of longitude apart. 
” oo 48P 49% ” 90°55 » ” 
‘ re 49° ene SOP ” oo 92°38 ” ” 


Or the length between the parallels can be found by multiplying the 
longitude scale by the secant of the middle latitude. 


Formiula— 


Lat. scale = long. scale x sec. middle lat. 


‘Long. scale 6” log. 0778151 6” log. 0-778151 6* log. 0-778151 
Middle lat. 472° sec. 10-170317 484° sec. 10-1 78735 49h° sec. 10-1874 56 
8-881 ins. log. 0-948468 9055 ins. log. 0-9568586 9°238 ins. log. 0-¢65607 


The length of the chart equals 8-88z ins. + 9-055 ins. + 9-238 ins. = 
27°:174 inches, and the breadth equals 30 inches, and would be shown thus : 
27-174 X 30. 


The natural scale is found as follows— 


The latitude scale is 9-055 inches to a degree of middle latitude, and 
using the mean length of a minute of latitude the natural scale would equal 
the number of inches in one degree divided by the number of inches in the 
scale degree of middle latitude. 


4377600 inches ~ 9:055 = 483444, therefore the natural scale is eek See 


483444 
Test the accuracy of the calculations for the meridional length of the 
-chart by finding the meridional difference between the two extreme latitudes 
and multiplying it by the longitude scale and dividing by 60; the result 
should be equal to the sum of the separate calculations. 


Lat. 47° mer. pts. 3202-71 271-76 x 6 
» 50° 4 4 3474°47 ——~6g = 27176 
271-76 


‘The meridional length is 27-176 inches, practically the same as above. 


To draw the Chart. 


Draw a horizontal line near the lower edge of the paper to represent the 
-parallel of 47° N.; divide this parallel into five equal parts of six inches each 
to represent the degrees of longitude, and number them 20°, 21°, 22°, 23°, 
24°, and 25°. Commencing on the right, at 20° and 25° erect, very carefully, 
perpendiculars 27:176 inches long and draw through the two points reached 
a jine parallel to the varallel of 47° N., and it will be the parallel of 50° N. 


To put in the parallel of 48° take 8-88 inches or 88-8 minutes of tongitude 
from the graduated parallel, and with one Jeg on the parallel of 47° N.and the 
-meridian of 20° W., the other leg will find the position of the parallel of 48’ N. 
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This distance can be laid off on each meridian and the parallel drawn with 
the parallel rulers. The position of the parallel of 49° N. is found in a similar 
manner. 


Draw the meridians of 22°, 23°, and 24° W. and graduate the meridian 
for latitude and distance and the parallels at the top and bottom for longitude 
and meridional parts. For the purpose of graduating the latitude and 
longitude scales the proportional compasses are most useful. The inner 
margin of the chart is called the frame. At a distance of about , of an 
inch from the frame, and outside of it, draw another line parallel to the 
frame ; the graduations come between this outer line and the frame. Draw 
a compass on the magnetic or true meridian, subdividing it to degrees or 
points as required, and finish according to individual taste. 


The framework of the chart can be tested as follows: Measure the 
diagonals and if they are equal the framework is correct, as a rectangular 
parallelogram alone has its two diagonals equal in length, and a Mercator’s 
Chart is a rectangular parallelogram, 


DESCRIPTION AND USE OF CHARTS 


Charts are marine maps, representing the whole or part of the surface 
of the water and adjoining coasts ; exhibiting islands. rocks, shoals, banks, 
depths of water, the variation of the compass, and whatever other par- 
ticulars may serve to direct the mariner on his voyage, or point out the 
dangers to be avoided. 

If vou take a globe and try to find the course and distance between 
any two places, you will experience considerable difficulty in ascertaining 
what you require, and you would find it impossible to do so on a map con- 
structed on the globular projection. The early navigators had to contend 
with this difficulty, and projected what they called the dlane chart, on which 
the parallels and meridians were equidistant straight lines. (serard Kauffman 
(better known as Mercator) devised the method to which his name has 
been given. The system was brought to perfection by Edward Wright of 
Garveston, Norfolk, in1594. The Mercator Chart is now universally used for 
general navigation; the parallels and meridians are straight lines: the 
meridians are equidistant, but the parallels are graduated. The construction 
is such that rhumbs are also represented by straight lines. 

The parallels of latitude on the surface of a globe are everywhere 
equidistant, but the distance betwecn the meridians lessens towards the 
poles. It may be seen that if on a plane surface the paraliels are retained 
equidistant while the meridians are spread at the poles to the distance they 
have at the equator, there must be considerable distortion.” But the diffi- 
culty is got over, and the relation between the different parts preserved 
by widening the distance between the parallels of latitude to the same 
proportionate extent that the meridians have been widened. 

It matters not that the extent of land and water in the higher latitudes 
is out of proportion with the equatorial regions; the shape is. still 
approximately preserved, and—what is of most importance in navigation— 
the relative direction from one part to another, and hence the track of a ship 
steering the same course can be drawn as a straight line. 

Charts are drawn on a large or small scale. It will be a large scale 
if a small part of the coast is delineated or on a small scale if a large part 
of the coast is delineated. 


A PLAN is a chart that comprises a detached portion of a general chart 
on a large scale, as a harbour, roadstead, small bay, the entrance to a 
river, channels leading to a port, a small part of a sea where the navigation 
is intricate. Such a chart only occasionally shows parallels and meridians ; 
when these are absent, a scale of miles and longitude is given. 


Use oF MERCcATOR’sS CHART 


When a chart is properly spread out before you, so that you can read 
it like the page of a book, the top is the north, the bottom is the south, 
the side to the right is the east, and the side to the left is the west. The 
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only exception to this arrangement is when, for some special purpose, the 
chart is drawn on what is called the diagonal plan. A reference to the 
compass will at once show the north, south, east, and west directions of 
the chart. 


The PaRALLELS are represented by straight lines drawn across a chart 
from east to west; their distance apart is unequal, and the inequality 
increases more and more in proceeding from the equator. If the increase 
is in the direction of the north part of the chart, then the chart represents 
some portion of the northern hemisphere ; if the increase is towards the 
south, it embraces some part of the southern hemisphere. If the chart 
embraces a considerable extent of ocean and land, the equator (lat. 0°) 
may be represented on it, and the distance between the parallels will in- 
crease northward and southward from the equator. The latitude of a place 
or of a ship, being its distance from the equator, is indicated on a chart 
by the purallels. 


The MERIDIANS are represented by straight parallel lines drawn from 
north to south, the space between them being everywhere equal. The 
meridians mark the longitude of a place or ship, and are reckoned from the 
meridian of Greenwich, which is long. 0°, or the first meridian. If, then, 
the meridian increases to the right, as 5° 10° 15° 20°, the longitude is east ; if 
it increases to the left, as 25° 20° 15°, the longitude is west. 

But you may have both east and west longitude on a chart, as when 
the meridian of Greenwich is included, thus— 

~~ 
W. 20° 15° 10° 5° 0° 5° xzo° 15° 20° E. 
West of Greenwich. East of Greenwich, 


showing increase to the right for E. longitude, and increase to the left for 
W. longitude. 

There would appear to be an exception to this rule if the chart included 
the meridian of 180°; for then the E. longitude to the left of the rSoth 
meridian would decrease to the left ; and the W. longitude to the right of 
the 180th meridian would decrease to the right, thus— 

° 165° 160° W. 


° 


E. 160° 165° 170° 175° 180° 175° 170 
This occurs because the observer is on the opposite side of the globe to 
Greenwich. 


THE ScaLeé OF LATITUDE AND DISTANCE.—The two meridians which 
bound a chart on the right and left (as A C and B D, Plate VI.) are called 
graduated meridians, because they are marked to degrees—and to minutes if 
the width between the parallels is sufficient. On these meridians latitude 
is measured from the equator, towards the pole, in degrees and minutes 
according to the scale of the chart. DISTANCE is always measured on a 
&raduated meridian. 


THE Scate OF LoncitupE.—The two parallels which bound a chart 
at the bottom and top (as A B and C D, Plate VI.) are called graduated 
Parallels, being marked to degrees—and minutes if the scale is sufhciently 


large ; longitude only is measured on these arall ‘CE t 
; els. NCE 4s not 
measured on the parallels. : eae aS 
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To find the Latitude of a Place on the Chart 


With the dividers place one leg on the position, stretch the other to 
the nearest parallel, refer this tou the graduated meridian, placing one 
leg of the dividers on the same parallel, and the other upwards or down- 
wards as required ; read this off as the latitude. 

Or, lay the edge of a parallel ruler on the nearest parallel of latitude, 
and work it to the given place, then note the degree and minute at which 
the edge of the ruler cuts the graduated meridian. 

Example.—By Chart (Plate V.) Cape St. Vincent is in jat. 37° N.; and 
by Piate VI. C. Shipunski is in lat. 52° 50’ N. 


To find the Longitude of a Place on the Chart 


Place one leg of the dividers on the position, stretch the other to the 
nearest meridian, refer this distance to the graduated parallel, placing one 
point of the dividers on the same meridian, and the other point to the right 
or left of it as required ; read off the longitude. 

Or by parallel ruler as in latitude. 

Example.—By Chart (Plate V.) Cape St. Vincent is in long. 9° W.; and 
by Plate VI. C. Shipunski is in long. 160° 10’ E. 


To mark the Ship's Place on a Chart 


With the dividers take from the graduated meridian the given latitude ; 
mark this on the meridian nearest to the given longitude; lay the edge 
of the parallel ruler on a near parallel, and work one side to the exact lati- 
tude you have marked on the meridian; then, with the dividers, take the 
given longitude from the graduated parallel; lay this off from the meridian 
along the edge of the parallel ruler which already marks the latitude, and 
you have the ship’s place. 

In this manner a ship’s track is usually pricked off at sea, her latitude 
and longitude being laid down every day at noon, or at any other required 
time, and the ship’s places connected by pencil lines drawn between the 
points. 


To find the Course or Bearing between two Places on the Chart 


With a parallel ruler, lay one of its edges over beth the places; then 
move the two parts of the ruler in succession until the edge of one of them 
passes through the centre of a compass on the chart, and that edge wii 
point out the course, true or magnetic according as the compass is true or 
magnetic. 

On the latest charts a double compass is engraved ; the outer one is 
marked from o (N.) right round go° at E., 180° at S., 270° at W’., and 360° 
at N., and always tvwe. The inner compass is also marked in degrees in the 


usual way, but magnetic. The difference between the two compasses is the 
variation for that place. 


To find the Distance between any two Places on the Chart 


zx. If the given places lie under the same meridian, find their latitudes 
on the chart ; and the difference or sum of these, according as the places lie 
on the same, or on different sides of the equator, will give the distance. 
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2. If the given places lie on the same parallel take the distance between 
them in the dividers and place one leg as far above the parallel as the other 
is below; the distance contained between the legs on the graduated meridian 
is the required distance. 

3. But if the given places differ both in latitude and longitude, take 
the distance between them, and apply it to either of the graduated 
meridians, so that one leg of the dividers may be as much above one place as 
the other leg is below the other place; then the degrees, or degrees and 
minutes, contained between the points of the dividers will be the distance 
required, which may be reduced to miles. 

But if the places lie near to a parallel, and their distance be con- 
siderable, the middle latitude between the two places should be found ; 
then half their distance being applied alternately above and below the middle 
Jatitude and the results added together will give the distance. 


Example.—From Scilly to St. Michael’s the true course is 48° W. ; half 
the distance is opposite middle latitude 44° N.; one point of the dividers 
in this Jatitude and the other extended upwards reaches lat. 52° 20’ N., 
then extended downwards reaches lat. 34° 20’ N.; difference between 
52° 20’ and 34° 20’ is 18°, which multiplied by 60 gives 1,080 miles. 


Example—Required from Chart Plate V. the true course and distance 
from Cape St. Vincent to the east end of the Island of Madeira. 

Lay the edge of the parallel rulers over the two places, and then slide 
them to the nearest compass, when it will be seen that the true course is 
S. 56° W. The extent between the two places being taken with the dividers, 
and applied to one of the graduated meridians, will reach from 31° to about 
38° 40’, being an interval of 7° 40’: hence the distance is 460 miles. 

Also, by Chart Plate VJ., the course from S. © 4 to Avatcha Bay is 
N. 48° W., and the distance 230 miles. 


The Course and Distance run from any given Place being known, to find 
the Ship's Place on the Chart 


Lay the edge of the parallel rulers over the given place in the direction 
of the ship’s course by compass corrected to give true or magnetic accord- 
ing to the compass on the chart; then take the distance run from that 
part of one of the graduated meridians opposite the given place and the 
supposed place of the ship, which lay off from'the given place along the 
edge of the ruler, and it will show the place of the ship. 

Example.—Suppose a ship sail N. 34° N. (true) 400 miles from Cape 
Blanco. Required her place on the Chart Plate V. 


By the above method the ship's place will be found at B in lat. 26° 10’ N. 
and in long. 21° 20’ W. > 


Fixing the Ship's Position on the Chart 

whe ae peed of fixing a ship’s position relative to the shore. 

in conjunction with the sehen eee a Hie Sevtant and) used 
in conjunction 0 2 : : 

method is by compass bearings. pointer (see Station Pointer) ; the other 


yey be] . 
In making a fix by compass two bearings only are liable to error, therefore, 
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a third, or check, bearing of some other object should be taken, especially 
when near the shore or any danger. The coincidence of three bearing 
lines will eliminate any error. 

The compass is deflected from the meridian by two causes, variation 
and deviation. If the compass is corrected for deviation, then the magnetic 
compass or magnetic meridian is used. If the compass is corrected for 
both deviation and variation then the true compass or true meridian is 
used. 

It is the common practice at sea to use the algebraic sum of the variation 
and deviation and to call it the compass error. If this error is used in 
connection with Field’s rulers no reference need be made to any compass 
on the chart. The angle required is made between the ruler and the true 
meridian. 

If a magnetic meridian is drawn by prolonging the N. and S. line of 
the magnetic compass or by drawing a line parallel to it, the ruler can be 
used in the same manner for magnetic courses. 


Cross bearings——If two known objects or points are visible a bearing 
of each is taken, then corrected for deviation or compass error for direction 
of ship’s head. 

The rulers are made to represent first one bearing then the other, by 
placing it on the compass or by making the angle with the meridian ; 
the rulers are then carefully moved so as to cover the object observed and 
a line drawn from the object towards the ship. This is repeated with the 
other bearing. Where the lines intersect is the ship’s position. (See 
following Fig.) : 





Example.—Let N S be any meridian on the chart either engraved or 
drawn in pencil. Now the bearings of the two points, A and B, are N. 50° W. 
and N. 30° E. respectively. With Field’s rulers make the above angles 
with a meridian, then transfer them to the points, draw lines towards the 
ship; the intersection will be the position of the ship. 
lf a third bearing C, N. 89° E. is taken it would correct any error in 


or B. : 
- Generally only two bearings are used, but for exact work a third, or more, 


is necessary- 


( 


3 
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Two Bearings of one Point with a Run between.—A careful compass bearing 
is taken of an object on the bow, then the course and distance is made 
as correctly as possible until a second bearing of the same object is taken; 
there should be an alteration of not less than 60° in the two bearings. 
The first line of bearing is laid down on the chart from the object towards 
the ship; from any point on this line the course and distance run in the in- 
tervalislaid down. The first bearing is transferred to the end of the distance 
run and where the second line of bearing and the transferred bearing cut is 
the ship’s position. 


Example.—a vessel takes a bearing of D, N. 40° W., and after running 
N. 80° W. 10 miles D bears N. 60° E 





The course and distance between the bearings can be laid off from any 
point of the first bearing. Let the dotted line represent the course and x 
the position arrived at ; transfer the first bearing to x and draw x x’, and 
where x x’ cuts the second line of bearing is the ship’s position. The 
accuracy of the fix depends on the accuracy of the course and distance 
made good in the interval. Norie’s Tables now contain a table for solving 
this problem by Inspection; Table, Distance off by Two Bearings and Dis- 
tance run between Them. 

In the foregoing no allowance is made for tide or current. 

The correction for set and drift of the current is made by laying off at 
the end of the course and distance the set and drift and making the cut from 
the corrected position as follows— 

Using data as in previous figure, suppose in the interval a current 
set S. 45° W. 24 miles: where would the ship be ? 


ee 





the run W. ro miles, set off the 
this will lie at x’, therefore the ship did 
From x’ lay off the 1st bearing, and wrcre 
earing is the ship’s position, x”. 


From x, which is the end of the r N ° 
current S. 45° W. 24 miles; ue 
not arrive at x but at x’. 
this bearing cuts the second b 
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To pass @ Point at a given Distance when abcam 
on the approaching Course 


With the point as centre and the given 
distance taken from the graduated meridian, as 
radius, describe a circle. Then drawa line from 
the point of departure tangential to the circle, 
and this line will be the course to make good ; 
at right angles to this line and from the centre 
of the circle draw another line until it cuts the 
course, and where the two lines cut will be the 
position of the ship when abeam, provided she 
has made that course. 

In the diagram A is the point of departure; 
B the position of the light; C the position of 
the ship when B is abeam on the approaching course; A C the distance 
sailed measured on a graduated meridian. 





To maintain a given Distance on two Courses when rounding a Fotr:t. 


With the given distance taken from the 
graduated meridian in that latitude, and 
the given point as centre, describe a circle. 
Then from the point of departure draw a’ 
line tangential to the circle and from the 
point of destination draw another line also 
tangential to the circle, and where these two 
lines cut is the point where the course is to 
be altcred. The distance on each course is 
to be measured from the point of inter- 
section of the two courses to the points 
of departure and destination respectively. 

In the diagram B is the point of de- 
parture ; A the point of destination; C the 
point to be rounded ; D the point where the 
course is altered ; B D the direction of first 
course and also the distance; D A the 
direction of the second course and also the 8 
distance measured on a graduated meridian. 

N.B.—If£ two courses were forming an acute angle at their point of 
intersection it would become necessary to put in a third course in order 
me and distance. 





to save tl 
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To find the Set and Drift of the Current 


This is done by laying off the course of the ship and the distance sailed 
from a known position and then finding her actual positicn by cross bearings. 
The course and distance from the assumed position to the actual position 
will be the set and drift. 

In the figure the ship sailed from A in the direction of B until, by 
dead reckoning, she was at C, when bearings of the points E and F 
were taken simultaneously, which placed the ship at D. Nowit is obvious, 





if the dead reckoning be correct, that the current has set the ship from C 
to D:; the set is, therefore, the direction from C to D, and the drift is 
the length of C D measured on the graduated meridian in that latitude. 


The Four-Point Bearing—This problem is 
useful when taking a departure or in determin- 
ing the distance of an object when abeam. 
Observe the object when four points on the bow 
and again when abeam ; the distance run + or— ; 
the effect of the current will equal the distance 
off A. The figure forms a right-angled triangle, 
with equal angles at A and B, therefore BC = 
AC. In all cases where a run is made between 
bearings the set of tide or current should be 
taken into account. 


Doubling the Angle on the Bow.—In passing 
near a point of land the method of fixing by doubling the angle on the 
bow should be used. 

By taking bearings two points or four points on the bow a very good 
position is obtained before the object is passed. 

To get reliable results the difference between the first bearing and the* 
course made good should not be less than 20°. 

The principle is that the sides form an isosceles triangle, A B = BC or 
AB =BC’; and angles A and C are equal, as also are angles Aand C’; then 
ear a opped rae aie asC DandC’ D’, will equal the distance 
the object will be when brought abeam, i i i 
Briihe cane oO URE. 8 assuming that the ship continues 

If the figure is drawn on the chart the di 

; ‘ st 
distance the ship would have to sail Sadie Wie Ge bey ae te 
measured on the graduated meridian. as 
sarie cae eis from the traverse table as follows : 60° as course, 
, ' e distance column give 8&7 in the departure 
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column as the distance in miles C is off when abeam, and in the difference 
ef latitude column will be found 5 miles, the distance the ship will have 
to sail from B before bringing it abeam. 








A Distance run 10 miles 8 o D 
Doubling the angle on the Bow. 
The same applies to C’*. 
40° as course and C’ B, ro miles, in distance column give 6°4 miles 
in departure column as the distance C’ is off when abeam, and in the 
difference of latitude column will be found 7:7 miles the distance the ship 
would have to sail from B before bringing it abeam. 


VERTICAL AND HORIZONTAL DANGER ANGLES. 


Neither of these methods gives a fix, but they are of great service in 
keeping the navigator outside the danger zone. 

Vertical angles.—The heights of lighthouses, headlands, hills, and moun- 
tains are to be found in the List of Lighthouses and on charts. If the altitude 
is measured on and off the arc with a sextant the mean will be the angle 
required. By taking the angle off and on the arc any index error is 
eliminated. 

The formula is— 

Dist. = height of object x cot. of angle. 


If the height of the object is in feet the distance will be in feet. To get 
miles, subtract the log. of 6,080 feet from the log. of the distance in feet. 

The distance can be found by inspection from “‘ Distance by Vertical 
Angle ” Table in None’s Tables. 

The formula for finding the angle is— 
height in feet 
distance in feet’ 

The angle can also be found by inspection from the above Table. 

Horizontal Angles.—For this method two objects in a horizontal plane 
are required whose position and distance apart are known. The problem 
depends upon the fact that any chord of any arc subtends the same angle 
from any point on the circumference of the circle (Euclid III. 2r). In 
practice the distance outside of which the danger is to be passed is marked 
on the chart as at C. A and B are prominent objects on shore marked on 
the chart ; the angle between A and B subtended at C is measured by the 
compass, protractor, or rulers ; in this case it is 34°. 


Tan. 0 = where 6 = the Vertical Angle. 
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The angle is placed on the sextant to the 
nearest half-degree. As the ship approaches 
the danger zone, steering towards the east in this 
case, A will be seen to approach B. When A 
is upon B the circle is reached at some point on 
the arc A C B, and a perfect arc of a circle can 
be maintained by conning the shipso that A is 
kept upon B; or if steering the opposite way, 
then by keeping Bupon A. It is the finest, 
safest way of navigating an outlying danger 
we have, as it takes into account any set of tide 
or current and it is impossible under any cir- 
cumstances to touch the danger so long as the 
data is correct and the objects are not at any time allowed to open. 

A fix by Station Pointer is explained under Station Pointer. In all cases 
the greatest accuracy is obtained by using the 
compass error on the course steered, converting the 
compass bearings into true bearings and using the 
meridian and Field’s rulers to make the desired 
angles. You are then independent of the magnetic 
compass, the small figures of which are mixed with 
the soundings on the chart, and in a bad light are 
difficult to read. You are also independent of the 
alteration due to change in the variation. 

Find the course to steer from A to B to counteract 
the effect of a current which set N.E. magnetic at 
the rate of two miles per hour, ship steaming g knots, 
and supposing the ship to have left A at4 pm.; 
find the time of arrival, the distance stcamed, and 
distance made good. 

Join A and B, and from A draw A C of any con- 
venient length in a north-easterly direction ; on A C 
lay off A D equal to 4 miles, the drift in 2 hours ; take 
from the graduated meridian in the compasses 18 
miles, the distance the ship steams in 2 hours, and 
with one foot on D cut the line A Bin E and draw 
E D, then will the direction of E D represent the 
true or magnetic course to be made good, which 
turn into a compass course in the usual way. 

Draw B F parallel to E D, then will B F represent 
the distance steamed and A B the distance made 
good. 

The number of miles in B F divided by the 
speed of the ship will give the time taken on the 
passage, which, added to 4 p.m., will give the time 
of arrival, 

_In this example B F measures 254 miles, and 
this divided by 9 knots gives 2h. 463m., which 
: : added to 4 p.m. gives 6h. 463m. p.m. as the time of 
arrival; the distance made good is 29°3 miles. 

If the scale of the chart be small, and the current makes an acute angle 








A 
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with the line joining the points of departure and destination, it is better to 
lay off the current for a longer period than it would take to perform the 
passage, when finding the course to make good, as it gives longer lines to 
work with, which is a great advantage and gives better results than using 
short lines. 

Making allowance for ‘set and drift” experienced in the earlier part of 
the run. 

While steaming from A to B it was found that after steaming for 2 hours 
at the rate of 10 knots the position was found to be at F ; from this position 
find the compass course to steer to counteract the effect of a current similar 
to that experienced in the earlier part of the run, and give the distance made 
good in two hours towards B, the ship steaming at the rate of 12 knots. 

Draw A B and lay off from A towards B zo miles, let this point be marked 
C; from C draw the line C D of any convenient length through F, then will 
C F represent the set and drift of the current in the earlier part of the run. 
Now rub out the dotted portion of A B represented by C B, and draw F B, 
then F B will represent the direct course from F to B; from F, in the 
direction of D, lay off the current for 2 hours; this will’equal F N. From 
the graduated meridian take 24 miles in the dividers, and with one leg on N 
cut the line F B in Z with the other leg, then N Z will be the course to make 
good, which find in the usual way, and F Z will be the distance made good 
in 2 hours towards B, and N Z measured on the graduated meridian will 
be the distance steamed. 





THE DEVIATION CARD AND ITs USE 


The compass on board ship is always more or less affected by the iron 
and steel in the ship’s construction, and in a much less degree by iron in 
the cargo; so the ship must be swung and a table of deviations made, one 
with the ship’s head by compass, the other with the ship’s head magnetic. 

. The card is used in two ways—to correct bearings, and correct the course. 

The first case is simple. The deviation is sought for the direction of the 
ship’s head when the bearing was taken, and it is applied in the usual way, as 
when correcting courses in the Day’s Work ; but to set a course the process is 
inverted, since the true or magnetic course is first found {rom the chart or 
by calculation. Here again there would be no difficulty if the deviation 
with ship’s head magnetic were used, but as the first way is most commonly 
employed (when deviation card is used) a small calculation is necessary. 


DESCRIPTION AND USE OF CHARTS tog 


To find the Deviation to apply to the Magnetic Course from Chart in 
order to find the Compass Course to steer 


Take a compass course from the deviation card and apply the deviation 
opposite to it in the same way as in correcting courses in a day’s work. If 
this should agree with the magnetic course from the chart, that will be the 
required compass course and also the deviation ; if it does not agree with 
the magnetic course, select a compass course which will give a greater 
magnetic course and also one that will give a lesser magnetic course, and 
proceed as in the following examples, using deviation card for compass 
direction of ship’s head. 

2nd compass course N. 30° E. 


Ist compass course N. 20° E, 
Dev. + 6 E. Dev. +11 E. 
Lesser magnetic course N. 26° E. Greater magnetic course N. 4r° E. 
Mag. course from chart N. 36° E. Greater mag. course N. 41° E. Dev. rr’ E. 
Lesser mag. course N. 26 E. Lesser mag. course N. 26 E. Dev. 6 E. 
7 diff. ro° diff. 15° diff. 5° 
Now, if 15° give a change of deviation of 5°, what will 10° give ? 
5° 
Io 
15°)50(3° 
45 
5 


Mag. Course N. 36° E. 
Dev. 9 E. 


Comp. course N. 27° E. 


Dev. at N. 26° E. mag. = 6° E. 
Dev. at N. 36° E. mag. = 6° + 3° = 9° E. 


Example 2.—What is the’ deviation and the course to steer by compass, 
the magnetic course being north ? 


Ist comp. course N. 0° 2nd comp. course N. ro°E. 


Dev. 7 W. Dev. rE, 
Lesser mag. course N. 7° W. Greater mag. course N. 11° E. 
Mag. course from chart N. 0° Greater mag. course N. 11° E. Dev. 1° E, 
Lesser mag. course N.7 W. Lesser mag. course N. 7 W. Dev. 7 W, 
diff. 7° diff. 18° dift. 8° 
Now, if 18° give a difference of 8°, what will 7° give ? 
ge 
af. 
18°)56(3° 
2+ 
Dev. atN. 7° W. = 7°W. Mag. course trom chart N. 0° 
Dev. at N. 0? = 7°— 3° = 4° W. Dev. 4 W. 


Comp. course required Nog E. 
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Example 3.—Find the deviation and compass course to steer in order to 
make good a magnetic course of S. 60° W. 


Ist comp. course S. 80° W. 2nd comp. course S. 90° W. 
Dev. 22 W. Dev. 26 W. 
Lesser mag. course S. 58° Ww. Greater mag. course S. 64° W. 


Mag. course from chart S. 60° W. Greater mag. course S. 64° W. Dev. 26° W. 
Lesser mag. course S.58 W. Lesser mag. courseS.58 W. Dev. 22 W. 


diff. 2° diff. 6° diff. 4° 


Now, if 6° give a change of deviation of 4°, what will 2° give ? 


4 
2 
6°)8(r° 
6 
2 
Dev. at S. 58° W. = 22° W. Mag. course from chart S. 60° W. 
Dev. at S. 60° W. = 22° + 1° = 23° W. Dev. 23° W. 


Compass course required S. 83° W. 


Deviation Card for Magnetic Direction of Ship's Head 


Example 4.—What is the deviation and the course to steer by compass 
in order to make good a magnetic course of S. 17° W. ? 


Nag. course from chart S.17° W. _Lesser mag. course S.13° W. Dev. 3° E. 
Lesser mag. course S.r3 W. Greater mag. course S.19 W. Dev.z W. 


4° “6° diff. 4° 


Now, if 6° give a change of 4°, what will 4° give ? 


° 


4 
4 


6°)16(3° nearly 
Dev. at S. 13° W. = 3° 
Dev. at S. 17° W. = 3°— 3° = 0° 
Dev. o 
Comp. co. S. 17° W. 


Example 5.—What is the deviation and the course to steer by compass 
in order to make good a magnetic course of N. 7° W. ? 


Mag. course N. 7° W. 
Deviation as per card 7W. 


o° = Compass course to steer, North. 
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Example 6.—What is the deviation and course to steer by compass in 
order to make good a magnetic course of N. 80° E. ? 


Mag. course N. 80° E. Lesser mag. co. N. 69° E. Dev. 19° E. 
Lesser mag. co. N. 69 E. Greater mag. co. N. 82 E. Dev. a2 E. 
diff. 11° diff. 13° diff. 3° 
Now, if 13° give a change of 3°, what will 11° give ? 
3°. 
Ir 
13°)33(24° 
26 
7 
Dev, at N. 69° E. = 19° E. + May. Course N. 80° E. 
Dev. at N. 80° E. = 19° + 24° = 2r}° E. Dev. 21} E. 


Comp. course N. 583° E 


N.B.—-To make good a magnetic course from chart if a vessel is making 
leeway, the leeway should be eliminated by applying it to the magnetic 
course before finding the deviation by allowing the leeway to windward of 
the magnetic course taken from the chart. 


Example.—Mag. course N. 20° E., ship making 20° of leeway, wind N.W> 
Apply the leeway to windward, that is, the mag. course will be North; now 
find the deviation for that mag. course. 


CLOSING REMARKS ON CHART WORK 


It must be obvious to the thoughtful navigator that some localities are 
easier to navigate than others. Amongst the most difficult must be placed 
the seas bordering the coasts of the British Isles and Northern Europe, 
because the waters in these seas are ever swinging to and fro under the 
influence of strong tidal streams of varying direction and velocity, rendering 
navigation a difficult and far from exact science. 

Whenever a course is to be set in these seas reference should always be 
made to the ‘‘ Atlas of Tidal Streams,” which shows the probable set of the 
tidal stream in all localities for one to six hours before and after high water 
at Dover, thus enabling the navigator to make a due allowance on the course 
for the state of the tide at the time the course is being set, and also what 
changes may be expected as the vessel proceeds on her way. 

It follows, then, from what has been said, that too much care cannot be 
taken in setting courses, and when a course has been carefully and judiciously 
set from a known position to any other fixed position it should be rigorously 
followed until the distance between the two points has been made good ; but 
no opportunity of finding the ship’s position should be lost, and a fresh 
course set, when found necessary. 

If a vessel, from any cause, be stopped when amongst strong tidal 
streams, allowance should be made for the set and drift in the interval, and 
should the water be shallow the deep-sea lead should be dropped over the 
side and the line allowed to run out ; the direction of the line would, if there: 
were no wind, show the direction of the set. 
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When sailing on a course which has been set to counteract the effect of a 
current it must be distinctly understood that the ship is supposed to be 
always on the straight line joining the point of departure with the point of 
destination, but with her head on the course that counteracts the effect of 
the current. ; 

In low-lying localities with no prominent points suitable for getting a 
good fix recourse must be had to the use of the lead in order to avoid getting 
into too shoal water. ; 

In shallow water and strong currents such as are experienced outside 
Rangoon and the entrance to the River Plate the ground log is the only 
reliable speed indicator and should always be used. 

In rounding points never adopt the “ rule of thumb ” method of conni: g 
the ship so as to keep the point abeam as she comes round, because distance’ 
cannot be correctly estimated by the eye which never takes into account the 
effect of refraction, which varies in its effect according to the state of the 
atmosphere. The “ Vertical Angle” should be used in rounding points to 
guard against getting into danger ; and when it is impracticable to use the 
“ Vertical Angle,” owing to the object being too far inland, the horizontal 
angle should be used, as the distance of the objects inland in no way vitiates 
the excellent results obtained by this method. 

In foggy weather it is well to remember that the distinctness or faintness 
of sound cannot be relied on as a guide to distance off, but the direction from 
whence it comes, coupled with the depth of water and the nature of the 
bottom obtained by means of the lead, would, in some localities, give a fair 
fix. It is a wise practice to take a few casts of the lead, in fine weather when 
the ship’s position is known, as the results obtained might give confidence 
when the ship’s position is uncertain. 

Never pass headlands, lighthouses, or light-vessels without gettirg a 
good fix by one of the foregoing methods. 


SIGNS AND SYMBOLS 
Quality of the Bottom 








b = blue for = foramini man = manganese (6) | shin = shingle 

blk = black fera (3) ml = marl (7) sm = small 

br = brown mus = mussels sp = sponge 

brk = broken ig = gravel spk = specks, 
gl = globigerina (4) | OYS = Oysters speckled 

c ; = coarse gn = green oz = 00ze st = stones 

cal = calcareous (1) . grd = ground = stf = stiff 

cok = eal (By = gray ae Zz Booed (8) stk = sticky 

choc= chocolate = ; 1 

cin = cinders h = hard Pen PUPUce jt = tufa (11) 

cl =clay r = rock 

erl = coral 1 = large rad = radiolaria (g) vol = volcanic 
ly =lava 

ad = dark iit = light s = sand w = white 

di = = diatom (2) | sc = ‘corie (10) wd = weed 

{m = mud sft = soft 
t+ = fine | mad = madrepore (5) | sh = shells | y= yellow 


1 .A substance containing lime. 2. A group of very minute organisms having a hard flinty 
cuter shin. 3. Many-celled organisms. 4. Deep sea foraminifera. 5. A certain branching 
forsn of coral. 6. Black oxide of a certain metal. 7. A mixture of lime and clay. 8 A class of 
molluse with small uing-like appendages. 9. Ooze containing small shells. 10. Volcanic ashes. 
11. Soft sandy stone. ; 
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Buoys with a a 
Topmarks A Ae; AX 


Spar Buoya 









© 


Light Buoye ay 





p- 








Bell Buoys 









S82) © fi 










mL IL | Mooring Buoys 
Can Buoys | B a 1 
ome on Fixed or 
A i. Al Floating Beacons) 4 ¥ ¢ 
Conical ee E Xe Ee Light Vessels ate +t 
t ite a re or Floata } 





Spherical Buoys 


0 
gD 


a 
a 
= 


The position of the buoy or beacon is the Centre of the Base, and is usually indicated by a 
small circle. 


BevBlys 2 fick Black 

Che qinen. sons oa Chequered 

Gradieccateie «sitet Green The Heights given against Beacons or marks 
G¥e veces Gray years forming beacons (such as Chimneys) represent the 
HS. “"......Hortzontal Stripes pruight of the Top of the object above High Water 
aR i Red Ordinary Spring Tides, or above the Sea Leve! 
St3so “Rear: Submarine bell where there is no tide. 

WS) celeenccaniers Vertical Stripes 

Nee ae aceee Yellow 

W., Wh. .... White 

LIGHTS 

Ps eee lights, position of Gee veneers ureen 

Lt., Lts. ....light, lights Go ireetepeve astereiere froup 
fLt. Alt. ... light alternating Ee vtestay crac horizontal (Lights placed 
LtiB aki fee 1 fixed horizontally) 

IDeA cea » flashing ARKO re weverenste, esas irregular 

LesOcc: » Occulting TEM ave ercucxeeare oi miles 

Lt. Rev. ~. » Fevolving STLI ert geyeter cane minute or minutes 
Leek bliaeer » fixed and flashing teh ottele ky Soe erowo obscured 





. 


. .cccasional 


*Lt. Gp. FI. (3) . red 


» 8roup flashing 


*Lt.F.Gp.FI. (4) ., fixed and group flash- . .second or seconds 
2 ing . -Unwatched 
*Lt. Gp. Occ. (2) ,, group occulting vertical (Lights place) 
talt. alternating vertically) 
ev. . every SUI See te eteta ts ocs.c visible 
fl fls. flash, flashes eS es white 





t Alt. (Altemating) signifies a Light which alters in colour. 


* The number in brackets, after the description of Group Flashing or Group Occulting 
Lights, denotes the number of flashes or eclipses in each group. 


{ Occasional Fog Signal means a signal which is only given in answer to vessels’ signa’s. 
The height given against a light is the height of the focal plane of the light above high water. 


Ordinary spring tides, or above the sea level in cases where there is no tide. 


The visibility of lights is given in nautical miles, assuming the eye of the observer to be 15 
feet above the sea. 


Bearings of lights are given from seaward. 
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TIDES 


H.W.F. & C. IXh. 25m:>----- high water full and change. The hours are expressed in Roman 
figures, except 2h. 











Equinl..... equinoctial Temes ter screke cto minutes 
. tlood ONS aaeade . Neap tides 
. high water Ord i eennoes . ordinary 
high water ordinary springs Orme ee . Quarter 
. hour, hours SprSpin. series spring tides 
knot, knots . -Currer.t 
. low water q 
L.W.O.S. ..low water ordinary springs ———_ .- - flood tide stream 
——_—- ... .ebb tide stream 


*H.W. or L.W. always refers to high water or low water of ordinary spring tides, unless 
otherwise stated. 

The period of the tide, at which the streams are running in the direction of the arrows, is 
denoted as follows— 
{1) 1st Qr., 2nd Qr., etc., for the quarters of 





A CERRO rere erp csttere as slave ris ouevar2\e"=.6 ae ee 2nd Or. 2nd Qr. ——- 
(2) Ih., ITh., IIIh., etc., for ist, 2nd, 3rd 
hours after high or low water. — Ith. Ila 


(3) Black dots on the arrows, the number of 
hours after high or low water. (The 
reference being to high or low water in 
the locality, unless otherwise stated on 


the chart.) 
3 hours after high water or 3 hours ebb is indicated by ——=—— 
4 hours after low water or 4 hours flood is indicated by ++... 
The velocity of currents and tidal streams is expressed hr 
A lie 3 
imknotsipemhoursthusismecris sot ess. .s 2 -ss ee ee 


The rise of tide is measured from mzan low water of ordinary spring tides, unless otherwise 
stated. 


Conventional Signs 


rafts Ss, Churches or Chapels 
SAAR QRCL ey x. 


Palme Coruarinos Temples 


Tree 


Bigures brackrted, against 

tslanda and racka express 

the Heights in Feet above Piao) 
High Water Ordinary Springs, 

or above the sca. tn atses where 


* Sand & Gravel or 
Stones, dry at 
Low Water Springs 


Low Woter Springa 


* - a oe 
The Underlined Figurea,an. the Rocka 
4 Banks which uncover, exprese the 
heights in feet above Low Water 


Ordinary Springs, untegs atherwise 
stated. 
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Conventional Signs (continued) 


Windmill 
Culuvated Sta nel Se ier “| | Lights, Position of 





Lee Triangulation Station 
Swampy, Marahy Sra Beacon. Chimney, Fiagstaf? 


or Mossy Land or other fixed. points 


dry at Low Water o 
Springs. 


-— © Stones. Shingle 
Le ~~ 3 | -orGravel,dry Dries 20. gy ~ 


at, Low Water Springa Q 


* Mud Banks, dry O / 
“at Low Water vs) {2 fe 


Springs OQ 
~~ 
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Conventional Signs (continued), 


Signifies 1 fathomline .. . Reported. Rock or Shoal, (3D 
Sal tes etwas " the Existence of which Copp ED 
Neriiciarg iivianed —----/oeetin is Doubthid ag = 

ee es 

ye 5 .-- 

ee Ge —. + 


eee eed OO 


Overfalls & 
Tide Rips 


Coral Rech: 


flock awash at Law Water 


eaee Anchorage for large vessels RF 


Penn On eS gruel b GB 
Rock with less than 6 feet|* OF '% 
of water over it at Low Water Springs —_ E . 
On amall scale charts, thia aymbolis Signifies no bottam found 70 100 
used for rocks, with greater depths of at uve depth expressed 


water over them. 


Rocke with limiting 


aa —, Wreck , partially ar wholly 
Danger Une we 


under water 





Rock or Shoal, the Position 8: P. ine SS 
of which is Doubtful : Fishing Stakes 





GENERAL REMARKS 


Charts are generally drawn on the true meridian ; if otherwise, a true meridian is given on 
the chart. 

The datum to which the soundings are reduced is mean low water spring tides, unless 
otherwise stated in the title of the chart. : 

Soundings are expressed in fect or fathoms, as stated in the title of the chart. 

1 fathom = 6 feet = 1-825766 metres. 

Underlined figures, on rocks and banks which uncover, express the heights in feet above low 
water of ordinary springs, unless otherwise stated. 

All heights (except those expressed in underlined figures) are given in feet above high water 
springs, or, in places where there is no tide, above the level of the sea. 

The natural scale is the ean which the scale of the chart bears to the actual distance 
represented, and is shown thus— ain 

A ‘ea mile is the length of a minute of latitude at the place, and a cable is assumed to bea 
tenth part of asea mile. 

The figure: in Lrackets in the bottom right-hand corer ofa chart 
are the dimensicns of the platein inches between the innermost gradua: 

All longitudes are referred to the meridian of Greenwich. 


» thus—(38-43 x 25°49) 
t10n or border lines. 


EE 


THE STATION POINTER 


The theory of the Station Pointer is founded on the twenty-first proposition 
of the Third Book of Euclid, which proves that the angle subtended by any 
chord will be the same from any part of the same segment of a circle. 


In Fig. 1,if the line A B subtend an angle 
of, say, 30° at C, it will subtend the same 
angle at D or anywhere on the arc ADC B, 
Therefore it follows that the position of ob- 
server can only be found by taking a bearing 
of one of the potnts. 

The Station Pointer is useful in fixing a 
point by means of the ‘‘three-point problem ”’ 
or ‘‘two points ’’ in transit and one angle. 





A 


The instrument (see Fig. 2) consists of a disc 
about 6inchesin diameter. Froma central ring 
proceed three arms about 12 incheslong. The 
central arm is fixed and its bevelled edge coin- 
vides with the zero of the graduations. The other two arms can be 
moved to any required angle and can be fixed by aclamping screw. The 


Fig. x. 
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instrument is graduated in degrees to the right and left of the fixed arm, 
which is the zero of the instrument. 


Method of using —The legs of the instrument are clamped at the ob- 
served angles and the bevelled edge of the central leg is placed over the 
middle object, then the instrument is moved about, still keeping the central 
leg on the centre object, until the bevelled edges of the other two legs 
coincide with the other two objects or points observed. When the three legs 
lie over the three points (as shown in Fig. 2), the pricking point at the centre of 
the instrument being pressed down will mark the position of the observer 
on the chart. 

The fix by station pointer is good— 


If the three points are in the same straight line. 

If two of the points are in transit and the observed angle is not small. 

If the “central point ” is the nearest to the observer and the angles not 
too small. 

If the observer’s position is within the triangle formed by the points. 

If the points are nearly equidistant from the observer and the angles not 
less than 70°. 

If one angle is large and the other small, and the small angle is made with 
an outer object far behind the central object. 

The angles should be sensitive on a change of position of observer. 

If the centre of the instrument can be moved without displacing one of 
the objects the “‘ fix ’’ is bad. 

When two points are in line they are said to be in transit. 


THE INDETERMINATE CASE 


When the sum of the observed angles is equal to the supplement of the 
angle at the central object, B, the position of the observer is indeterminate. 
It can, however, be determined by taking a bearing of one of the objects. 


In Fig. 3 if (x + y) = (180° — B) 
= (A + C), it is proved in Euclid 11]. 22 
that the four points A. B. C. and P must 
be on the circumference of a circle and 
P may be anywhere on the arc A P C 
This is known as being on the circle 
When two circles can be drawn the 
position of the observer is where the two 
circles cut each other. 


if, then, in any case. the observed: 
angles be nearly equal to the supplement 
of the angle at the central object. the 
two circles will nearly coincide and the 
“ fix’ will be a bad one. Fig. 3, 
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If no station pointer is at hand the centres of the circles on which 


the observer is situated can be found in the following manner :— 


At each end of the line joining the two 
points subtending the angle lay off the com- 
plement of the angle, and where the two lines 
intersect will be the centre of the required - 


circle. 


There are two cases, one when the angle 


is acute, the other when it is obtuse. 





. . Z Fig. 4. 
When the angle is acute—In Fig. 4 let 


A B subtend an angle of 60°; from each end of the line A B lay off an 
angle of 30°, and at C, their point of intersection, is the centre of the 


required circle. 


The angle at D being less than a right angle, the segment A D Bis greater 
than a semicircle (Euc. IJI. 31), therefore the centre of the circle and the 


observer are on the same side of the line A B. 


When the angle is obtuse.—In Fig. 5 let 
A B subtend an angle of 120° at D. Lay off 
from each end of A B an angle equal to the 
excess of D above go°, and at C, their point 
of intersection, is the centre of the required 


circle. 


Now, 180° — D = E (Euc. III. 22). 
ACB =2AEB. 
“.2CAB + 2 (180° — D) = 180°. 


I tt 





Fig. 5. 


Also D being obtuse the segment A D B is less than‘a semicircle (Euc. 
II. 31), therefore the centre of the circle is on the side of A B remote 


from D, and the arc on which the observer is situated is the lesser 
segment, A D B. 
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The accuracy of the graduations of 
the station pointer can be tested in 
the following manner— 


Let A BC (Fig.6) represent any angle 
@ Take B A equal to the given radius. E 
Describe the arc AC. Draw the chord 
AC. Bisect the angle A B C by the 


straight line B E; this will also bisect 7 
the chord A C at right angles B 
(Euc. I. 26). “A 


Fig. 6. 


Now by plane trigonometry, EC = BC x sin. = 
AndAC=2EC 
“AC=2BCx sin. = 


Therefore chord = 2 radius x sin. of half the given angle, 


Example.—Test the angle of 45°, using a radius of 24 inches. 


24 X 2in. = 48 in. = 2 radius 48 log. 1-68124r 
2 = 22}° = half 6 223° sin. 9582840 





48-37 log. 1-26.4081 


For a radius of 24 inches the length of the chord is 18-37 inches. The 
length can also be found by multiplying 48 in. by the nat. sin. of 22° 


THE CHRONOMETER 


The British Government in 1713 offered a reward of {20,000 for any 
method by which the longitude could at all times be determined at sea ; the 
whole reward would be given if the method, when tested by a voyage to the 
West Indies, were found to be within 30 miles of the truth, £15.000 it 
within 40 miles, and £10,000 if within 60 miles of the truth. = 

John Harrison (1693—1776), a Yorkshire carpenter, came to London 
in 1728 with drawings of a watch which he thought would earn the reward. 
In 1735 he presented his first watch to be tested by the Board of Longitude. 
He was sent to Lisbon with it, when he corrected the dead reckoning about 
1} degrees. 

The master of H.M.S. Oxford on the homeward voyage reported the 
landfall to be the Start, but Harrison, trusting to his watch, insisted it 
was the Lizard, and he was found to be nght. 

In 1739 he completed his second watch, which was not tried at sea. 

* In 1749 he presented his third watch, which gained the gold medal of the 
Royal Society. It was less complicated and more accurate than the second, 
having an error of only three or four seconds a week. He then constructed 
his fourth watch, and applied for the full reward. 

The tests were very severe. The chronometer was compared in the Obser- 
vatory at Greenwich, sealed up and sent to Portsmouth, where Robertson 
the mathematician found its error by equal altitudes, which he reported 
to the Admiralty. 

The watch was put on board H.M.S. Deptford, Capt. Diggs. It was secured 
by four separate locks, the keys of which were held by Governor Lyttleton 
of Jamaica, Captain Diggs, the first Lieutenant, and Harrison’s son. 

The Deptford sailed 8th November, 1761. During the voyage to Madeira 
the chronometer corrected the dead reckoning r§ degrees. The ship arrived 
at Madeira three days before H.M.S. Beaver, which had sailed ten days before 
the Deptford—caused by trusting to dead reckoning. From Madeira to 
Jamaica the watch corrected the longitude to the extent of three degrees, 
while some ships differed from the correct longitude five degrees. 

When the ship arrived at Port Royal the watch was found to be in error 
only fiveseconds. Onthe return voyage to Portsmouth the error in longitude 
was less than 18 miles. : 

In 1764 the same watch was sent to Barbados. He gave with the chrono- 
meter a temperature scale which if taken into consideration would have shown 
an error in 156 days of only 15 seconds. But it was not until 1773, after 
the King had personally interposed on his behalf, that he received the full 
reward of £20,000. He also received a further sum from the East India 
Company. 

__ The two chief features are the “‘ fusee,’ 
The fusee has the effect of rendering what 
The escapement regulates the beat. 


The balance expands or contracts with heat or cold. By an arrangement 
I2r 


* the escapement, and the balance. 
would be a variable force uniform. 
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in two segments, each composed of two metals, steel on the inside and brass on 
the outside, the unequal contraction or expansion is nullified and the chrono- 
meter is not unduly affected by temperature. 

Although every care and device are used in the construction of chrono- 
meters it is not possible to make a perfect instrument ; but every care should 
be used in handling them. They should be wound carefully at about the 
same hour each day. The key should always be turned until it is felt to 
“putt.” 

They should be kept in well-padded boxes, or, as the latest method is, with 
springs fitted to fillet-pieces. They should not be subject to any unusual 
movement, as a chronometer is easily stopped by a rotary motion ; and care 
should be taken that they do not suffer any greater changes of temperature 
than are unavoidable. 

A good stop-watch is a most valuable adjunct to the chronometer. The 
watch should be compared both before and after use with the chronometer. 

The chronometer is merely a very perfect watch, in which the balance- 
wheel is so constructed that changes of temperature have the least possible 
effect upon the time of its oscillation ; such a balance is called a compensation 
balance. A chronometer may be well compensated for temperature and yet 
its rate may be gaining or losing on the time it is intended to keep; the 

compensation is good when changes of temperature do not affect the rate., 

It is not necessary that a chronometer’s rate should be zero (or even 
very small, except that a small rate is practically convenient); it is sufficient if 
the rate, whatever it is, remains constant. The indications of a chronometer 
at any instant require a correction for the whole accumulated error up to 
that instant. If the correction is known for any given time, together with 
the rate, the correction for any subsequent time is known. 

Winding.—Most chronometers are now made to run either eight days or 
two days. The former are wound every seventh day, the latter daily, so 
that in case the winding should be forgotten for twenty-four hours the 
chronometers will still be found running. But it is of importance that they 
should be wound regularly at stated intervals ; otherwise an unused part of 
the spring comes into action, and an irregularity in the rate may result. 

Chronometers are wound with a given number of half-turns of the key. 
It is well to know this number, and to count in winding, in order to avoid 
a sudden jerk at the last turn: still, the chronometer should always be wound 
as far as tt will go, that is, until it resists further winding. This resistance 
is produced not by the end of the chain, but by a catch provided to act at 
the proper time and thus protect the chain. 

When a chronometer has stopped it does not again start immediately after 
being wound up. -It is necessary to give the whole instrument a quick 
rotatory movement, by which the balance-wheel is set in motion. This must 
be done with care, however, and with little more force than is necessary to 
produce the result ; afterwards the chronometer must be guarded from all 
sudden motions. The hands of a chronometer can be moved without injury 
to the instrument, so that it may be set proximately to the true time. It 
is, however, not advisable to do this often. ; 

Transporting —Chronometers transported on board ship should be placed 
as near the centre of motion as possible, and allowed to swing freely in their 
gimbals, so that they may preserve a horizontal position. They should also 
be kept as nearly as possible in a uniform temperature. 
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When transported by land, the chronometer should no longer be allowed 
to swing in its gimbals, but is to be fastened by a clamp provided for the 
purpose ; for the sudden motions which it is then liable to receive would 
set it in violent oscillation in the gimbals, and produce more effect than if 
allowed to act directly. 

It has been found that the rates of chronometers have been affected 
by masses of iron in their vicinity, indicating a magnetic polarity of their 
balances. Such polarity may exist in the balance when it first comes from 
the hands of the maker, or it may be acquired by the chronometer standing a 
long time in the same position with respect to the magnetic meridian. In order 
to avoid any error that might result from this polarity (whether known or 
unknown) it will be well to keep the chronometers always in the same position ; 
and they should not be removed from the ship to be va/ed ; but their rates 
shoul! be found after they are placed in the position they are to occupy. 

Pocket Chronometers should be kept at all times in the same position : 
consequently, if actually carried in the pocket during the day, they should 
be suspended vertically at night. 

Comparison of Chronometers.—One (supposed to be the best) instrument 
is selected as the standard, and with this all others are compared after winding. 
A record should be made and retained of the comparisons, which will furnish 
a graphic history of the performance of each instrument. For convenience, 
the standard may be distinguished by the letter R (veference), and the others 
by the letters A, B, etc., as far as they extend in number ; thus— 


















| 
Date. ee (Ri Standerd. Chronometers.| Differences. | Diner 
No. | 5 
, | 

| a. M. 8. x. Mf. a. | 3B. mM. a. 

Friday, March 2! (A) 609 2 40 0 2 36 Oo GO 4 OO 

(B) 972 | 3° 2 56 3°5 a O° ES STS 
| | . 
Saturday, March 3] (A) 609 | 2 92 0 ;2 28 15) 0 3 585 — v5 
(Bj 972 | 30 | 2 48 Go lo 15 360 + 25 








i 





The second differences, in the last column, are the daily rates, if the 
standard does not change.. 

The practical benefit of a system of daily comparisons is that a guard may 
be kept on the steadiness of the rates of the instruments. 

Comparison by Astronomical Observations.—When one or more chrono- 
meters have to be regulated by means of astronomical observations, 
these observations are made with but one of them, and the corrections of all 
the others are found by comparing them with this. On board ship the 
chronometers are never brought on deck; but the observations are made 
with a watch (often called a “ hack watch ”), or it may be a pocket chrono- 
nee oe is compared with the chronometer either before or after, or both 
ree radar ts Pe Meare ihe double comparison is necessary where 
a Sr eeere order to eliminate any difierence of the rates 


Comparison by Coincident Beats —When two chronometers are compared 
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which keep the same kind of time, and both of which beat half seconds, 
it will mostly happen that the beats of the two instruments are not synchron- 
ous, but one will fall after the other by a certain fraction of a beat, which 
will be pretty nearly constant, and must be estimated by the ear. This 
estimate may be made within half a beat, or a quarter of a second, without 
difficulty, but it requires much practice to estimate the fraction closer, and 
with certainty. 

Rate for Temperature —Each chronometer should be accompanied with a 
record from a responsible chronometer maker, or, better still, from an 
Observatory, showing the daily rates for mean temperatures for each 10°, say 
from 40° to 100° Fahr.; then with a maximum and minimum thermometer 
in the chronometer-case, the actual temperature of the preceding day is re- 
corded as soon as the case is opened for winding in the morning. Then, 
referring to the tabulated record of observed daily rates according to 
temperature, the rate for the preceding day is found by inspection, and, 
applying this according to its sign to the sum of the accumulated daily rates 
up to the previous day, there will be found the whole amount of the accumu- 
lated rate on the given day, to be applied as a correction to the primary 
error. Although the rates may differ with lapse of time, etc., it is more likely 
that the differences of rates for corresponding temperatures will remain the 
same, or nearly so. 

These remarks have been taken from Chauvenet’s ‘‘ Manual of Spherical 
and Practical Astronomy ’’; see also Admiral Shadwell’s excellent work, 
“‘ Notes on the Management of Chronometers.” 

Application of the Original Error and Daily Rate of a Chronometer.—The 
chronometers carried on board British ships show Greenwich date approxi- 
mately. When put on board, before the voyage commences, the optician who 
has had charge of the instruments furnishes the error by which each chrono- 
meter differs from Greenwich time on the noon of the day, and also the rate 
per day (of loss or gain on Greenwich time) that each instrument has been 
ascertained to keep during the period of supervision over them. 

The given error—generally termed the original error—may indicate that 
the chronometer to which it is applicable is fast or slow on Greenwich mean 
time, and will be specified accordingly. 

The given rate—called the daily rate—will be indicated as to whether 
the chronometer is gaining or losing on Greenwich mean time. 

The application of the error and rate to the time shown by chronometer, to 
get the correct Greenwich mean time, is a purely arithmetical calculation, 
and may be shown here. 





TO FIND GREENWICH MEAN TIME BY CHRONOMETER 
I. Given an Original Error and a Daily Rate 


x. Write down the chronometer time astronomically, with the month 
and day prefixed ; under it write the original error, which subtract if the 
chronometer had been found fast, but add if found slow, 

2. Find the number of days elapsed since the date the chronometer was 
rated; multiply this number by the daily rate, and the product will be the- 
accumulated vate to be subtracted {rom the time if the chronometer had been 
found to gain, but to be added if it had been found to Jose, 
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Example-—A chronometer indicating 5h. 4om. 42s. on November 11th 
had been found 19m. 58s. slow on Greenwich mean noon on July 2nd and 
was gaining 4°5s. daily; find the Greenwich mean time on Nov. r1th. 








July 2nd Elapsed days 132 D. H.M. S. 

29 Daily rate 4°5 Time by chron., November IL 5 40 42 

Aug. 31 Bo. Slow, July 2nd + 19 58 

oe ee 528 6 0 40 

Nov. 60)394-0 per rule a — 9 55 

Days 132 9 54 reen. mean time, Nov. II 5 50 45 
for6h. + 1 


Gain 9m. 55s. 


Or the error of the chronometer at the Greenwich mean time may be 
found, and applied directly to the chronometer time. 

Find the accumulated rate as in (2) and place it under the original error ; 
then if the error was fast and the rate was gaining, or if the error was slow 
and the rate was losing, the error of the chronometer would now be greater 
than before, hence add the two together and keep the same name. But if 
the error was fas¢ and the rate was losing, or if the error was slow and the 
rate was gaining, the error of the chronometer would now be found by 
subtraction, taking care to change the name of the error, if the accumulated 
rate was the greater. 


The same Example as before— 





M. S. D. #H. M.S. 

Original error 19 58 slow Time by chron., Nov. Ir 5 40 42 
Acc. rate 9 55 gain Error Io 3 slow 

Diff. Io 3 slow Green. meantime ,, © 5 50 45 


If, during the voyage, when calling at a port where there is a good obser- 
vatory, or by astronomical observations at a place the position of which is 
well known, an error and rate are determined anew, the process of finding 
the Greenwich mean time is exactly on the basis of that just described ; and 
according to the Rules here given. 


II. Given Two Errors to find a Daily Rate 


When two chronometric errors have been found, and, by means of the 
elapsed time, you have to find a daily rate, proceed as follows : 

1. Write down the time by chronometer, with the month and day before 
it; under this time write the second error, adding it if slow, subtracting it if 
fast ; the result will be the approximate Greenwich date. 

2. For the Daily Rate.—Write one error under the other, then— 


Both errors fast, or both slow, take their difference ; 
One error fast and the other slow, take their sum ; 


the sum or difference must be converted into seconds, and divided by the 
number of days elapsed between the dates of the two errors. The result will 
be the daily rate, in seconds, or seconds and tenths, or perhaps tenths only. 
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3. For the Accumulated Rate-—Multiply the daily rate by the number 
of days elapsed between the date of the second error and the date by 
chronometer, allowing a proportion for the given hours. The product will be 
seconds, which, if above 60, reduce to minutes and seconds; the result will 
be the accumulated rate, and to know whether it has been a gaining or losing 
rate, note the following— 


With Ist error fast, and 2nd error faster 
With ist error slow, and 2nd error not so slow Gaining rate. 
With Ist error slow, and 2nd error fast 


With 1st error slow, and 2nd error slower 
With ist error fast, and 2nd error ot so fast | Losing rate. 
With rst error fast, and 2nd error slow : 


4. For the Greenwich Date, Mean Time.—To the approximate Greenwich 
date apply the accumulated rate, subtracting it if gaining, but adding it if 
losing. 

Example—A chronometer showed 8h. om. 42s. on December 4th; on 
June ist it had been found om. 12s. slow on mean noon at Greenwich, but 
on July mst it was 4m. 27s. fast on mean noon at Greenwich. Find the 
Greenwich mean time on December 4th. 








M.S. 
Juneist Juneist.. o i12slow July rst Elapsed days 156 
29 July Ist .. 4 27 fast » 30 Daily rate 93. 
July r Sum..... 4 39 a 2, 468 
x 6 ept. 30 
Days 30 2 Oct. 31 eae 
30)27,95. Nov. 30 60)145,0°8s. 
Daily rate 9-3s. Dec. 4 24 10°83 
Days 156 for 8h. ct 3t 
Gain 24m. 13-9s. 
. D. H. M.S. 
Time by chronometer, December 4 8 0 42 
Fast, July rst ......... 2. eee eee — 427 
: 7 56 15 
Accumulated rate (gain) ........ — 24 14 
Green. date, mean time, Dec. 4 732 1 


_ Norz.—In these cases the dates have been considered as astronomical: their interpreta- 
tion in reference to the longitude will always have to be taken into account. 


In order that the longitude found shall be worthy of confidence, the 
greatest care must be bestowed upon the determination of the rate of the 
chronometer. As a single chronometer might deviate very greatly without 
being distrusted by the navigator, it is well to have at least three chrono- 
muters, and to take the mean of the longitudes which they severally give in 
every case. 

But, whatever care may have been taken in determining the rate on shore, 
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the sea rate will generally be found to differ from it more or less, as the in- 
strument is affected by the motion of the ship; and, since a cause which. 
accelerates or retards one chronometer may produce the same effect upon 
the others, the agreement of even three chronometers is not an absolutely 
certain proof of their correctness. The sea rate may be found by deter- 
mining the chronometer correction at two ports whose difference of longi- 
tude is well known, although the absolute longitudes of both parts may be 
somewhat uncertain. But for this purpose a small pamphlet—“ List of 
Time Signals, established in various parts of the World ’’—is published 
by the Hydrographic Department of the Admiralty, compiled for the 
use of the navigator, as an aid for ascertaining the errors and rates of 
chronometers : this you should always have at hand with your epitome and. 
charts. 

An unknown error in the chronometer will have the following effect 
on the position of the ship as determined by an altitude of a heavenly body 
and the supposed known error and rate : 

(x) If the chronometer is— 


Fast, and also faster than supposed, or 
Slow, but not so slow as supposed; then— 


the true position will be eastward of that by observation ; and’as a conse- 
quence, when expecting to make land, sailing eastward, it will be made earlier, 
but sailing westward, later, than anticipated. 

(2) Similarly, if the chronometer is— 


Slow, and also slower than supposed, or 
Fast, but not so fast as supposed ; then— 


the true position will be westward of that by observation ; and as a consequence, 
when expecting to make land, sailing westward, it will be made earlier, but 
sailing eastward, later, than anticipated. 


THE COMPASS 


The invention of the compass has been placed at many dates ; there 
are numerous indications that it was used in China over 2,000 years ago. 
It was in use in Europe in the twelfth century. 

Almost the first historical compass is supposed to have been made by 

Flavio Gioja of Amalfi in the south of Italy. It was only marked to eight 
points. 
A compass consists of four parts—the pivot, the bowl, the card, and the 
needles. There are many patterns, all of which aim at the same idea, that 
is, sensitiveness of action, which is obtained by two types, the dry compass 
and the wet or spirit compass. s 

The one most in favour is the compass patented by Sir William Thomson, 
afterwards Lord Kelvin, in 1877. The principal features of this most ex- 
cellent compass are :—(1) reduction to the least possible weight ; (2) short, 
light needles symmetrically arranged on each side of the central point ; 
(3) mode of suspension ; (4) its slow period of oscillation or swing. 

The above features are attained by the application of well-known laws, 
and each will now be explained. 

(x) Reduction of \Veight.—This is attained by using short, light needles, 
and by cutting away the unnecessary central portion of the card, and, in 
order to give the necessary rigidity to the card, the rim is made of aluminium 
and suspended to the central cap by means of silk threads, which latter also 
absorb some of the vibration set up by the screw or other causes. The cap 
is of sapphire and the pivot iridium-pointed, and these two substances being 
amongst the hardest known, and the card being extremely light, friction is 
reduced to a minimum. The weight of a 10-inch Thomson compass card 
is about 180 grains, and will be found written on the under side. 

(2) Short, light Needles.—The practtcal] rules on which a compass adjuster 


. works are based on the assumption that the compass-needle is a magnetic 


particle having no length. This assumption much facilitates the theory of 
calculation and compensation, and is most nearly attained by using a 
number of short needles—eight in the compass under consideration—the 
Jongest of which in a ro-inch card is only 3} inches. 

(3) ALode of Suspension.—By keeping the point of suspension of the card 
and needles well above their centre of gravity the card has stable equilibrium, 
which has the effect of rendering the compass steadier and constrains it to 
move in a horizontal plane, which obviates the necessity of a counterpoise, 
in the form of a sliding weight, which was a feature of old pattern compasses. 

(4) Period of Os:illation or Vihration.—One of the chief features of the 
Thomson compass is its slow period of swing which, in England, is about 40 
seconds for the 10-inch card. The period of oscillation being slow conduces 
to greater steadiness, and practically eliminates the possibility of syn- 
chronising with the period or roll of the ship in a seaway, as a ship’s period 


is much quicker. 


The period of vibration of a compass can be lengthened by two different 
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methods; firstly, by increasing its moment of inertia; secondly, by de- 
creasing the magnetic moment of the compass (the magnetic moment of a 
magnet is the product of the amount of magnetism imparted to one of its 
poles multiplied by the distance between its poles). 

The moment of inertia of a compass can be increased by increasing its 
weight, but this would render the compass sluggish and also nullify the first 
point, viz., reduction of weight. It is, therefore, to the second point that 
we must look for the desired result, and this is attained by using short, 
weakly-magnetised needles, The loss of directive force in the needles is 
more than compensated for by the enormous reduction in the weight of the 
card as compared with old patterns. The period of oscillation is marked on 
the under side of the card. 

A well-constructed compass will last for many years. Compasses are 
sometimes condemned as faulty when they are in good order and condi- 
tion, the trouble being due to position on board, not construction. « 


THE LIQUID OR SPIRIT COMPASS 


The card is made of mica, the degrees and points are painted on the 
outer edge; it is attached to a frame and central hollow float which is 
immersed in a mixture of distilled water and pure alcohol to prevent freez- 
ing ; the liquid prevents any undue oscillation of the card. It is important 
that the point of suspension of the card should be in the horizontal plane 
passing through the gimbal ring, that the centre of flotation should be below 
the point of suspension, and that the centre of gravity of the card should 
be below the centre of flotation. The needles are sheathed in brass and 
are strongly magnetised, and are placed low on the card so as to prevent 
the card dipping with large changes of magnetic dip. The bowl should 
be kept full of the liquid. All air is removed by air pump before the cover 
is finally screwed down. The expansion and contraction of the liquid is 
met by having an elastic corrugated metal box attached to the bottom of 
the bowl. There should be no air bubbles present, and the card should not 
press upon the pivot with a weight of more than Ioo grains. Both types of 
compass are fitted with a shadow pin and azimuth mirror with which to 
take bearings. Bearings, by the mirror, of objects more than 30 degrees 
high are not reliable. 


GYROSCOPE AS A COMPASS 


Originally constructed by M. Foucalt to make visible the rotation of the 
earth, the gyroscope is familiar to most people in the form of a spinning- 
top. Its adaptability as a compass depends upon the law that when a body 
symmetrical about an axis of figure is set rotating about that axis the 
tendency is for the axis to retain unchanged its directional position in 
space. The principle on which it proceeds is this—that unless gravity in- 
tervene, a rotating body will not alter the direction in which its permanent 
axis points. 

In the gyroscope there is a rotating metal disc, the middle point of whose 
axis is also the centre of gravity of the machine. By this device the.action 
of gravity is eliminated. It isso constructed that the axis of rotation can 
be made to point to some star. Then as the heavy disc revolves at great 
speed it is found that the axis continues to point to the moving star, though 
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in consequence of this apparently altering its direction relative to bodies 
on the earth. But if the axis be pointed to the celestial pole which is 

. fixed no alteration in its position relative to bodies on the earth takes place. 
It has the dynamical property known as the moment of momentum (mass Xx 
velocity) into the distance from the axis. A gyroscope free to move in 
two planes, at any place on the earth other than the poles, tends to set 
itself with its axis of rotation parallel to the axis of the earth by reason of 
the relative rotations of the two bodies, meeting in this position the least 
resistance. 

Used as a compass it has to possess a very large gyroscopic resistance 
strongly opposing any attempt to tilt its axis to any angle. It must 
therefore rotate at a very high speed, usually 20,000 revolutions per minute. 
The centrifugal force developed at the periphery is enormous, the stress 
amounting to io tons per square inch; the air friction consumes 95 per 
cent. of the energy. The disc and spindle are constructed from one solid 
piece of special nickel steel, so that nothing about it should work loose. 
The directive force developed is 15 times that of the best form of magnetic 
compass. 

Owing to what is called the precession or swing to or from the meridian, 
a serious difficulty had to be overcome which was added to by the move- 
ments of the ship and the earth’s rotation, causing the axis of the gyroscope 
to wobble ; as the gyro is rigidly attached to the compass card, the axis 
and the north and south line being exactly parallel, this caused the north 
point of the card to swing steadily three or four degrees on each side of the 
meridian. This fault had to be overcome before the gyro could be used as 
a compass. 

It was accomplished in a very ingenious manner. The gyro revolves 
inside a case and acts as a high speed centrifugal blower ; a strong air 
blast is created which incidentally serves to keep the motor cool. A stream 

. of this air was diverted through two small pipes led on opposite sides of the 
disc; the pipes were fitted with valves, which opened or closed with the in- 
clination of the gyro; the jet of air opposed the inclination first one side, 
then the other, gradually reducing the amplitude of the swing, until in about 
two and a half to three hours the gyro ran with perfect steadiness; this 
process is called damping. The gyro must be free to move in two direc- 
tions. The card, floats, and gyro are all attached and float in a bowl of 
mercury ; the bowl is slung in gimbals in the same manner as an ordinary 
compass. 

In order to keep the whole floating system central a steel stem is fixed 
in the centre of the glass cover and the lower end dips into a cup contain- 
ing mercury carried on top of the float. ; 

The gyro contains a motor by which it is driven. The best position 
for a gyro compass is as near the centre of gravity of the ship as 

ossible. 

. If a‘ master compass ” is thus carried transmitters worked electrically 
can be used in any place, in any position, either horizontally or vertically 
inclined. The gyro compass is of no service at the North or South Pole. 
It has to be corrected for course and speed. Tables for that purpose are 
supplied with the compass. Mi 

The Advantages are : Independence of magnetic disturbance and vibration 
(as the gyro points truce north there is neither variation nor deviation to 
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be applied), much greater steadiness, no swing to and fro, more sensitive- 
ness, and as a consequence the ability to steer a very straight course. 

The Disadvantages are: Expensiveness, the need of electric installation, 
some knowledge required of electricity to be able to work the attachments 
in ordinary working or a breakdown. 

A breakdown in the electric current would put the compass out of use. 


THE MARINER’S COMPASS 


When out of sight of land, the MARINER'S COMPASS is the only instrument 
that shows the DIRECTION in which the ship is moving; it is therefore 
necessary to understand its construction and use, together with the correc- 
tions which must be applied to its indications. 

In the first place you must learn the divisions of the compass card, and 
know how to box the compass, that is, be able to repeat the points in their 
order, commencing at any given point, and going to right or left. 

DIVISIONS OF THE COMPASS CARD.—The Compass Card is a circle divided 
into 32 equal parts, called points of the compass; and standing on the 
deck of a vessel at sea you must always suppose yourself to be in the centre 
of such a circle, the circumference of which is the visible horizon, and towards 
some point of which the vessel’s head is directed. The standard of direction 
is the meridian passing through the place of the vessel, and a small part of 
this meridian is represented on the compass by a line drawn from one part 
of the circumference to another,—passing through the centre of the circle: 
One end of the meridional line is named North, because the line trends in 
direction towards the pole of that name, and the other end, directed towards 
the south pole, is named South. A second line, passing through the centre 
of the circle, but at right angles to the meridian, has one end named East, 
and the other West. When facing the North, the East (in which direction 
the sun and other heavenly bodies appear to rise) is on your right hand, and 
the West (towards which the same bodies set) is on your left. Hence the 
letters N., S., E., W., represent the four cardinal or chief points of the 
compass—corresponding to similar points of the horizon; and the two 
principal lines of which we have spoken (and which give these four points), 
by cutting each other at right angles, divide all the horizontal space around 
you into quarters, called guarters of the compass. 

All the other points are named after the cardinal points as follow :— 

By halving (bisecting) each of the four quarters of the compass, and 
drawing four lines in a new direction from the centre of the circle to the 
circumference, we get 4 more points; the N.E. (north-east) point. midway 
between N. and E., and so on with S.E. (south-east), S.W. (south-west), 
and N.W. (north-west), all midway between cardinal points; these new 
oe wa as names to the four quarters of the compass, as when 
we say e wind is in the N.E, quarter,”—meani X 
N.E., but somewhere between N, ane E. hear eee 

__,rhus far, by halving the four quarters, or right angles, we have 8 half- 
right angles, thus making 8 points of the compass ; and proceeding in a 
ae ae to halve these, we get 8 additional lines, which derive 
ead Ge eee hee to which they are contiguous, always placing 

cardinal point, as N.N.E. (north-north-east), mad ay 
: 2 
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between N. and N.E.; E.N.E. (east-north-east), midway between E. and 
N.E.; and so on with E.S.E. (east-south-east), S.S.E. (south-south-east), 
S.S.W. (south-south-west), W.S.W. (west-south-west), W.N.W. (west- 
north-west), and N.N.W. (north-north-west). 

We have now 16 points of the compass, and the remaining 16 (to make 
up 32) are also derived by a similar process to that already explained, viz., 
halving the 16 angles last obtained, and the new points are named after 
the 8 principal ones by writing the word dy before the next nearest cardinal 
point, as when we say N. by EF. (north by east, 7.e., north in the direction 
towards east) for the point midway between N. and N.N.E.; N.E. by N. 
(north-east by north, #.¢., north-east in the direction towards north) for 
the point midway between N.N.E. and N.E.; and so forth, as best seen 
by looking at'the compass points in their order on p. 73, ‘‘ Mariner's 
Compass.” 

The space from point to point is usually divided into four equal parts, 
so that we say N.} E. (z.c., N. a quarter point towards E.), N. 4 E.,N. 2E., 
N.E. 3 N., N.E. 3 N., and so forth with any other point of the compass. 

Note on expressing Half and Quarter Points——There is no fixed system 
for expressing the divisions between two points, but the simplest (learnt 
by practice and attention) is the best ; thus N.N.W. } W. is the same as 
N.W. by N. 3.N., but the first is preferable ; you also hear E.N.E. } E. as 
commonly as E. by N. } N.; but you must beware of such absurdities as 
using E. by N. 3 E. instead of E. 3 N., or S. by E. 4S. instead of S. 4 E. 

The angular value of each point of the compass, or, more properly speak- 
ing, of the space from point to point, is 11}° (obtained by dividing 360° by 32). 
The outer edge of the card is often also divided into degrees, and it is well 
to be able to convert points into degrees at sight, without direct reference to 
the compass card. 

The points are frequently, in calculations, expressed in their numerical 
value, counting from the meridional line (N. or S.) in the direction of 
E. or W.; thus W.N.W. is N. 6 points W., and its angular value, in degrees, 
in the same direction is N. 673° W. (4.e., 113° multiplied by 6); similarly, 
N.E. 3. N. is N. 34 points E., and its angular value N. 39° 224’ E. (see Table 
of Angles, Plate III). 

Finally, it is to be observed that the term Point is commonly used as 
expressive of two different things; thus, when the question is put ‘‘ How 
is her head ? ” and the reply given is S.E., the meaning is that the ship is 
sailing towards the S.E. point, 7.e., divection ; but when the helmsman is 
told to “ bring her up a point,” in this case the meaning of point is a change 
of direction through an angular space of 11}° ; the mode of expression always 
removes any doubt as to what is intended. 

The latest pattern compass is now graduated in degrees, and reckoned 
continuously from 0° at north through E., S., and W. to 360° at N. 

Such is the principle on which the compass card is divided, and it is of 
the first importance that you make yourself master of its indications, both 
as to the points, and the rendering of these into degrees, as they are of 
constant application in Navigation and Nautical Astronomy. 


The compass CARD—HOW MADE.—For practical use the card, on which 
the points and degrees are figured, is made of stiff cardboard, or mica 
covered with paper, SO as to be as light as possible ; and before mounting 
it is not unfrequently termed the fly. i 
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But to turn this card into the mariner’s compass it is necessary to resort 
to magnetism; a small well-tempered steel bar is fully magnetised by 
drawing its opposite ends (from the middle in the direction of the ends) 
across the two opposite ends of a powerful magnet ; the bar thus acquires 
what is called polarity, and when suspended, but free to move only in a 
horizontal direction, its tendency is to rest, one end towards north, the 
other fowards south ; and the same end will invariably turn (at any given 
place) towards the same point of the horizon, not indifferently, sometimes 
to one point, sometimes to its opposite. Two or more such bars, called 
magnetic necdles, are fixed below the circular compass card, but parallel with 
its incridional (N. and S.) line, and in such manner that the North-seeking 
ends of the needles shall coincide (in direction) with the N. end of that 
line, and the South-seeking ends of the needles with the S. end of the same 
linc. An inverted conical brass socket, called a caf, with a hard stone in 
its centre, is passed through a hole in the centre of the card; and the 
whole, when accurately balanced on a pivot, will rest horizontally. 


Pepe an oeyuhe AOR 
ComMPASS BOWL.—The compass bowl is of beaas-orcopper, and sufficiently 
large to admit of the card moving freely within it when placed on a hard 
metal pivot rising from the middle of the bottom 
of the bowl; the point of the pivot on which the 
cap of the card rests should always be sharp and 
smooth; the cover of the bowl is glass, which, 
while protecting the card from wind and weather, 
admits of its indications being distinctly seen. 
There is also a vertical line drawn inside the bowl, 
which is called the lubber’s line; finally, the bowl, 
weighted at the bottom, is hungin gimbals, so that it 
shall always rest horizontally whether the ship rolls 
or pitches. 


When long and powerful needles were used it was 
customary, and, indeed, necessary, to make the bowl 
of pure copper, and to leave as little clearance as 
possible for the needles ; then as the compass swung ~ 
a magnetic current in the opposite direction was 
induced inthe copper bowl, thereby bringing the 
compass rapidly to rest without any loss of directive force. 





In a Thomson compass the bow! is made of brass and weighted under- 
neath so as to keep it steady by means of an expansion chamber partly 
filled with castor oil. 

The BINNACLE.—To the deck, in front of the helmsman’s position, 
there is firmly fixed a stand called a biniacle, which may be of any 
shape—square, octagonal, or pillar-like—sometimes of wood, sometimes of 
brass (like the annexed figure) ; within it are supports (bearings), on which 
rest the gimbals of the compass bowl; and its movable top or cover is 
furnished with a glass front, and a lamp, or perhaps two lamps, to cast a 
light on the compass card by night. 


Note.—The compass will be perfect in its indications (or readings) con- 


ditionally ; (x) that the divisions of the points are equidistant ; (2) that 
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the direction of the magnetism of the needle or needles is parallel to the 
longitudinal N. and S. line of the card; (3) that the pivot and centre of 
the cap working on it are in the centre of the graduated (or divided) cir- 
cumference of the card ; and (4) that the horizontal position of the card is 
preserved, for which purpose the needles must be furnished with sliding 
weights to counteract the tendency to dip. These subjects are further 
described in connection with ‘‘ compass adjustment.” 


The CoursE.—The meaning of the term course is direction; and in 
reference to a ship it is the point of the compass upon which she sails,— 
or in other words, the direction in which the helmsman is ordered to keep 
the ship’s head by compass. To shape a course is to determine the direction 
in which a ship is to be steered in order to prosecute a voyage ; when the 
wind is foul, she cannot lie her course, if free, she steers her course. When 
the course is neither on a meridian (N. or S.) nor on a parallel (E. or W.), 
it is said to be obligne. 


‘RUMBS or RHUMBS.—The points of the compass were formerly called 
Rumbs, and later Rhumbs, after the points of the horizon of which, as 
already explained, the compass card is the representation. 


The STEERING coMPAss.—When the compass card, with magnetised 
necdies attached to it, rests on the pivot in the bowl, and the bowl is placed 
in the binnacle with the lubber’s line directed forward, 7.e., towards the 
ship’s head, and at the same time in the midship line, the instrument for 
stecring purposes is complete. The point of the compass close to the lubber’s 
line is said to be the direction of the ship's head by compass ; and if the ship 
is under way, it is the COURSE by compuss. 


An AZIMUTH COMPASS is an instrument similar to the steering compass, 
but of superior make ; the card is more accuratelv divided, and the outside 
of the compass bowl is fitted with a movable ring, to which are attached 
(exactly opposite to each other, and in a line with the centre of the compass 
card) two sight-vanes that can be turned down when not in use. Szght- 
vanes are merely oblong pieces of brass with a vertical slit in each ; the slit 
of the eve-vane is very narrow, and the wider slit of the other (and opposite 
or object) vane is fitted with a single horse-hair for a vertical line ; when you 
look through the vanes and turn them in the direction of an object, you take 
the object’s bearing, which is indicated by the compass card. In the Pris- 
matic Azimuth Compass a prismis attached to the sight-vane for the purpose 
of moreaccurate observation ; and thus the divisions of the card below it are 
read by reflection, at the same time that the bearing is taken ; but be careful 
not to read the card-indication the wrong way—for example 62° instead 
of 58°. 

The azimuth compass is placed in a higher binnacle than is the steering 
compass, or sometimes on a tripod removable at pleasure, and in the latter 
case the compass is kept in a box (for safety) when notin use. The position 
of the azimuth compass should be such as to command a clear view in every 
direction around it. And it is of the first importance in taking bearings,— 
(1) that the compass card is perfectly horizontal ; (2) that the surface of the 
prism is horizontal ; (3) that the two vanes are vertical ; and (4) that the 
line of sight passes directly over the pivot of the card. 


eee 
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Note.—The terms azimuth and bearing aresynonymous. When observing 
bcarings, if the compass is slightly vibrating take the mean of two or more 
bearings, read off as quickly as convenient. Never stop the card to 
read. 

To reverse a bearing or course, by which you get the opposite point, simply 
reverse the letters which compose it; thus the opposite to N.W. 3 N. is 
S.E. 4 S.; similarly the opposite to N. 37° E. is S. 37° W. 


The STANDARD COMPASS is that to which all the indications of the other 
compasses on board are referred, and by which the course is set. It 
should be fixed in a firm binnacle, or on a wooden pillar—the card not less 
than four, nor more than five, feet high, and well within direct vision—in 
a well selected part of the ship both as regards the ship's magnetic character 
and for the purpose of a clear unobstructed view around in every direction— 
to facilitate the taking of bearings rapidly. In this sense, and with the 
various appliances of a good compass, as already indicated, the standard 
compass is the azimuth compass, and should be fitted as such in every 
respect. The errors of this compass receive all the necessary attention. 
When you set a course, as for instance $.W. by S. by standard compass, 
you say to the man at the wheel—“ How is her head ? ’”’—he may reply 
“S.W. by S.3S.’'; and that is the reading of the steering compass, cor- 
responding to S.W. by S. by standard; you say, ‘“ Keep her so’’; the 
officer of the watch refers from time to time to the standard compass to 
see that the proper course is kept; thus you know the course is being 
made good that vou intend. 


DEAD RECKONING.—The position of a ship when determined from the 
distance run by log, and the courses steered by compass, subsequently 
rectified, is the position by dcad reckoning ; it is generally expressed by the 
initials D.R. 


‘ 


THE SEXTANT 


The first known instrument with which the early navigators tried to 
measure the altitude of celestial objects and from thence obtain the latitude 
was the Astrolabe. 

It was a very crude instrument consisting of a graduated disc with 
a ruler (or alidade or a bable, as it was called) that moved on a centre and 
carried a sight. 

About 1590 Captain John Davis invented the Back Staff. It con- 
sisted of two concentric arcs and three vanes; the longer radius had an arc 
of 30°, the shorter radius had an arc of 60°. 

This instrument was in common use until 1730, when John Hadley in- 
vented a reflecting instrument called the Quadrant. 

The Sextant of to-day is simply an extension and improvement of 
Hadley’s Quadrant ; the principle of construction remains the same. 

The first idea of a reflecting instrument, with only a single mirror attached 
to a movable radius, is due to Hooke, but it was not adapted to the 
purposes of the navigator. It is not easy to understand why so much 
pains have been taken to deprive Hadley of the merit of his invention. 
Sir Isaac Newton, it is said, had previously invented a reflecting instru- 
ment with two mirrors; this, however, was not known to Hadley, whose 
discovery was published in 1731, that of Newton in 1742. Lalande men- 
tions Godfrey, of Philadelphia, as having anticipated Hadley; but it was 
not known in England until after the publication of Hadley’s paper in 
the Philosophical Transactions. 


The SExTAnt derives its name from the extent of its limb, which is the 
sixth part of a circle, or 60°, but being an instrument of double-reficction it is 
divided into 120°. It is used for measuring angles—as the altitudes of, 
and distance between, heavenly bodies—and also altitudes of, and angles 
between, terrestrial objects. 


BRIEF DESCRIPTION OF THE PARTS OF THE SEXTANT.—The form of the 
Sextant is that figured on Plate VIII. ; but the student, in reading the descrip- 
tion of the various parts, should place the instrument itself before him. 


The flat upper surface of the Sextant is the plane of the instrument, and 
the following are the principal parts— 

A A‘ is the arc (or limb) which is graduated from right to left, from o 
(the zero point) to 120° or 150° ; this is the arc proper, and the subdivisions 
of each degree are by 10’, 15’, or 20’, according to the size and perfection 
of the instrument. To the right of o—.e., from left to right of the arc, 
there is also a small portion of graduated are which is called the Are o; Excess. 

IRV is the radius, or index-bar, movable along the arc and round a 
centre, and having a dividing scale V (called the vernier) close to the arc, 
by which the subdivisions of the arc are read off. 

I is the index-glass, a reflector or mirror which moves with the index- 
bar, and is fixed on it in such a manner that its plane is over the centre of 
motion of the index, and porpenclena the plane of the instrument. 

13} 
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H is the horizon-glass, one-half of which is a reflector or mirror, and 
the other half plain glass to admit of objects being seen through it; it is 
fixed perpendicularly to the plane of the instrument, and parallel with the 
index-glass when o° on the vernier stands at o° on the arc. 

At Sare the index shades, of coloured glass, to be turned down between the 
index-glass and horizon-glass, as the eyesight requires, in order to moderate 
the brightness of an object—as the sun or moon. 

AtS’ are the horizon shades, of coloured glass, to be turned up (as required) 
beyond the transparent part of the horizon-glass. 

T is the telescope, to be screwed in the collar C, which is a double ring. 
When the telescope is absent, the collar is the place of the sight vane. 

M is the microscope (movable) for reading accurately the divisions of the 
arc and vernier. 

B is a tangent screw for giving a small motion to the index after it has 
been partially fixed by a clamping screw, which is at the back of the lower 
end of the index-bar and under the vernier (V). 

The handle of the sextant, by which it can be held in any position between 
the vertical and horizontal, is partly shown beneath the index-bar. 

The arc (or limb).—The limb is the circular part of the frame of the 
sextant, into which is let the arc (A A’) consisting of a thin piece of 
platinum, or silver. 


The IxDEx-Gtass (J) isa plane reflector or mirror of quick-silvered glass, 
set in a brass frame, and so placed that the face of it is perpendicular to 
the plane of the instrument, and immediately over the centre of motion of 
the index-bar. This mirror, being fixed to the index-bar, .moves with it, 
and changes its direction as the direction of the index-bar is changed. 

This glass is designed to reflect the image of the sun, or any other object, 
upon the horizon-glass, whence it is reflected to the eye of the observer. 
The brass frame of the index-glass is fixed to the index-bar by two screws 
directly at the back; and a third (outer) screw serves to adjust it in a 
position perpendicular to the plane of the instrument. 

Note.—The graduation of the arc may be perfect in itself, but if the index-glass and index- 
bar are not properly centered, to correspond to the arc of the instrument to which they are at- 


tached, then you have the centre of another arc, and consequently the vernier in passing along the 
arc of the instrument will give inconsistent readings as it is moved to different parts of the limb! 


The Horizox-Grass (H) is parallel to the index-glass when o on the 
vernier stands at 0 on the arc ; this mirror receives the rays of the object 
reflected from the index-glass, and transmits them to the observer. The 
horizon-glass is only silvered on its lower half, the upper half being trans- 
parent (or plain), in order that any object may be seen directly through it— 
as, for instance, the horizon or any object towards which the line of sight 
is directed. The glass is set in a brass frame, standing perpendicularly to 
the plane of the instrument, and fixed there; on the back of the frame 
are two screws—one towards the top, and the other near the bottom (or 


base), of the glass, towards one side, to effect any required adjustments of 
the horizon-glass. 


The CoLourED GLASSES or SHADES (S S’) are used to prevent the rays of 
the sun, or glare of the moon, from affecting the eye when taking obser- 
vations. Each glass is set in a brass frame which turns on a centre. Four 
shades are placed between the index-glass and horizon-glass, to screen the 


138 THE SEXTANT 


eye from the brightness of the reflected solar image, or tie glare of the 
moon, and may be used separately, or together, as occasion requires. 
Three more such glasses are placed behind the horizon-glass to weaken the 
rays of the sun or moon when they are viewed directly through the horizon- 
glass. The pale glass is sometimes used in observing altitudes at sea, to 
take off the strong glare of the horizon. 

These glasses, when examined singly, should exhibit no streakiness or 
flaws, and each glass should show a uniform shade of colour over its whole 
area ; also each glass should work easily and parallel to its fellows on either 
side. 


The TANGENT Screw (B) and Clamping Screw.—In order to observe with 
accuracy, and make the images of the observed objects come precisely in 
contact, an adjusting, or /angent screw (B), is attached to the index, by 
which it may be moved with greater regularity than can be done by hand ; 
but it must be observed this screw does not act until the index-bar is fixed 
by the clamp or finger screw, placed at the back of the lower part of the index- 
bar. Care should be taken not to force the tangent screw when it arrives 
at either extremity ofitsarc. When the index is to be moved any consider- 
able quantity, the clamping screw must be loosened ; but when the index is 
brought nearly to the division required, this back screw should be slightly 
tightened, and then the index be moved gradually by the tangent screw. 


The vernier will require a special description presently. 


Accuracy of the insirument.—Wher the joints of the framework are close 
and tight, and the various screws fit closely and act well—when the centering 
of the instrument is perfect—when the graduation of the limb and the vernier 
is accurate in every part—when each of the zeflectors or mirrors has its 
two faces parallel, and the glass perfectly clear—and when the shades 
have clear glasses, the two faces of each glass parallel, and the set work 
with all their faces parallel—the instrument may be considered perfect, as 
regards the optical and mechanical principles of its construction, and with- 
out any sensible error but what the adjusting screws can rectify. 


Inside the box which holds the sextant, when not in use, are various 
telescopes and glasses. 


TELESCOPES.—The sextant is generally furnished with a plain tube 
without any glasses—which is merely a sight vane. Also to render objects 
still more distinct, it has likewise two telescopes ; one to represent objects 
erect, or in their natural position ; the other, a longer one, which shows the 
objects inverted ; but the latter has a larger field of view, and a greater 
magnifying power, with other advantages: use and experience will soon 
accustom the observer to the inverted position, and the instrument can 
then be as readily managed by it as with the plain tube alone. By a tele 
scope the contact of the images is more perfectly distinguished ; and by the 
place of the images in the field of the telescope it is easy to perceive whether 
the sextant is held in the proper plane for observation. By sliding the tube 
that contains the eye-glasses in the inside of the other tube, the object is 
suited to different eye-sights, and objects made to appear perfectly distinct 
and well defined. : : 

The telescope is to be screwed into a circular ring or collar (C): this 
nag rests on two points, against an exterior ring, and is held thercto by 
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two screws ; by turning one and tightening the other, the axis of the tele- 
scope may be set parallel to the plane of the sextant. The exterior ring 
is fixed on a brass stem that slides into a socket ; and by means of the screw 
at the back of the sextant, it may be raised or lowered so as to move the 
centre of the telescope to point to that part of the horizon-glass which shall 
be judged the most fit for observation. 

A circular eye-piece, with coloured glasses, accompanies the sextant and 
is to be screwed on the eye-end of the tube, or on that of either telescope. 

To these appendages are added a small screw-driver, to adjust the 
screws ; a magnifying glass, to read off the observation with greater ac- 
curacy ; and amicroscope, for the same purpose, made to fit into a tube fixed 
at the lower end of the index-bar. 


PRINCIPLE OF THE SEXTANT 


The principle on which the sextant or quadrant and other reflecting 
instruments depend is connected with certain principles of optics, and the 
laws relating thereto— 

(1) The angle of incidence and angle o, reflection are equal, that is, ifa 
ray of light is incident (or falls) upon a plane reflecting surface, and is thence 
received by the eye, or passes into space, the zmcident ray makes, with the 
perpendicular to the reflecting surface, an angle equal to the angle made 
with the same perpendicular and the reflected ray. Again— 


(2) If a ray of light suffers two successive reflections in the same plane by two 
plane mirrors, the angle between the first and last directions of the ray is equal 
to twice the inclination of, or angle between, the reficcting surfuces of the mirrors, 


In the annexed fig. which represents the outline of the sextant, the 
two mirrors are: I the index-glass, and H the 
horizon-glass ; when the index-bar I V lies in xS 
one with I A’ the two mirrors are parallel. 
Move the index-bar'1 V to the middle of the @ 
arc: let a ray of light coming from the sun S : 
fall on the index-glass I, at a certain angle, and 
thence be reflected at the same angle to the 
half-silvered part of the horizon-glass H, whence 
it is again reflected along the line H E to the 
telescope, or observer’s eye at E. The tele- 
scope, or eye-piece, is always so placed that the 
lines EH and I H make equal angles with the 
direction of the mirror H ; then, by the law of 
reflection, a ray falling on the mirror H, in the 
direction I H, is always reflected in the direc- 
tion H E. The observer looking along the line 
E H will see, through the transparent part of 
the horizon-glass, the sea-horizon, and also at the same time the image of 
the sun in the silvered part of the horizon-glass. S 

The angle S E H is the angular height of the sun, which is its alfitude ; 
and this angle is twice the angle of the mirrors, that is twice I B H or 
twice A’IV. The arc A’ V which measures this angle is then the measure 
of one-half the altitude, or angular distance of S from the sea-horizon. 
The vernier at V indicates the exact value of the arc ; but in order to avoid 
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the necessity of doubling this value after reading, a half degree of the arc 
is numbered as a whole degree: thus an arc of 60° (as on the sextant) is 
divided into 120 equal parts, each of which is reckoned as a degree. 


PROOF OF THE PRINCIPLE OF THE SEXTANT 


Let I A’ be the position of the index bar when the mirrors are parallel to 
each other, and I V the position when moved to V. It is required to prove 
that the angle S E S’ is double the angle VI A’ or BIE. 

Draw PI perpendicular to the index glass I, bisecting the 7 S IH, and 
draw BH parallel to A’I. Now 2SIla = 7 HIB because they are each the 
complement of the equal anglesS I Pand PIH,also Z2Sla=/BIE 
(Euc. I. 15), therefore 7 HIE = twice the 7 B I E or twice the angle of the 
inclination of the mirrors. . 

Now the 7 S’'HI = ZHIE+ 4 HEI (Euc.I. 32); produceB HtoD, 
bisecting the 7 S’H I. NowZ DHS’ = 4H ET, and the remaining 
ZDHI=ZHIE,thereforethe 7 HIE= ZHEI,andasZ HIE = 
2BIE, itis proved that 7 S E S’, the altitude, is equal to twice the inclina- 
tion of the mirrors to each other. 


TO READ THE SEXTANT 


The VERNIER (see Plate VIII. Figs. 1 and 2) is asmall scale attached to the 
lower part of the index-bar of the instrument ; it is slightly inclined to the 
face of the limb, and moves, with the index-bar, in close contact with the 
graduated arc A A’: by means of the vernier we are enabled to read off aliquot 
parts of the smallest spaces into which the arc of the instrument is divided. 


To read off the sextant by means of the verter; look at an instrument 
while you read the description: first, note that the starting-point of the 
vernier, on the right, is sometimes 0, and sometimes an arrow head or other 
device. The limb (arc) of the instrument is divided (graduated) to degrees, 
and parts of a degree ; the degrees are indicated at intervals by numerals, 
the intermediate long strokes are also degrees, and the shortest divisional 
strokes are parts (z.e., a certain number of minutes) of a degree. You will 
also see long and short strokes 2n the vernier—the long ones are minutes of 
a degree, and the shorter ones a certain number of seconds of a minute. 
Both are read from right towards left. 

If the degrees on the arc are divided into three equal parts then each 
stroke equals 20’, and each stroke on the vernier equals 20”; when the 
degrees on the arc are divided into four equal parts, each stroke equals 15’ 
and each stroke on the vernier equals 15”, and when the degrees on the arc 
are divided into six equal parts each stroke equals 10’ and each stroke on 
the vernier equals ro”. 

The principle on which the vernier is graduated is as follows: Suppose 
a vernier is desired for a foot rule; eleven inches would be the length of 
the vernicr, which would then be divided into twelve parts, so with the sex- 
tant, 6c divisions on the vernier correspond to 59o0n thearc. Thus— 

bo v = 594 
Iv=#=1-w& 
that is, one division on the vernicr is ,4, of 10’ = 10” shorter than one on the 
arc. 
Read the are or limb to minutes of a degree, and when you understand 
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this you will soon be able to read to seconds. Jlirst, examine well the 
sequence of degrees and minutes. 

Take a sextant divided to 10’; then, on any part of the arc, the first 
short stroke is 10’, the second 20’, the third 30’, the fourth 40’, and the fifth 
50’; if the o of the vernier exactly coincides with a long stroke of the arc, 
the reading is degrees, and no minutes; it may be Xo, 14, 20, etc.—any 
number. Now put o of the vernier to coincide exactly with the fifth short 
stroke to the left of 20° on the arc, and the reading will be 20° 50’, since 
each short stroke of the five beyond 20° represents 10’. Lastly, fix your eye 
on the space between 42° and 43°; now put o of the vernier to stand some- 
where between the third and fourth short strokes to.the left of 42°; in 
the first place the reading will be 42° 30’, but it must be something more 
because the vernier indicates minutes between 30’ and 40’; now look 
along the line of the vernier and see which minute stroke on it coincides with 
any stroke on the arc of the sextant; let us say that it is the seventh 
minute stroke; then the reading will be 42° 37’. In Plate VIII. Fig. 2, 
the o on the vernier is somewhat more than three divisions, or 30’, to the 
left of 56° ; and the division on the vernier, coinciding with one on the arc, is 


=" 


5’ 20”, therefore the angle pointed out by the index division is 56° 35’ 20”. 
The are of excess.—-Thus far we have been reading on the arc; next 
learn to read off the arc, that is, on the arc of excess to the right of o on the 
arc: the subdivisions are the same as on the arc, but now you read from left 
to right ; the vernier is also read in the same way ; and on the sextant divided 
to 10’ the 10 of the vernier readsaso, then g will be 1, and § will be 2, &c. ; 
say the o of the vernier stands between the third and fourth strokes to the 
right of o on the arc, and the fourth minute stroke of the vernier coincides 
with a stroke on the arc, then the reading on the arc of excess, that is of, will 
be 36’, since the fourth stroke is 6 when reckoned from the left of the vernier. 


ADJUSTMENTS OF THE SEXTANT 

The theory of the sextant as a reflecting instrument requires the follow- 
ing conditions, viz.— 

(a} The two surfaces of each mirror and the shade glasses must be 
parallel planes ; 

(8) The graduated arc, or limb, should be a plane, and with its vernier 
accurately divided ; 

(c) The axis should be at the centre of the limb, and perpendicular 
to its plane ; 

(d) The index-glass and horizon-glass should. be perpendicular, and the 
line of sight parallel, to the plane of the limb. 

(a). (6), and (c) are carefully attended to by the maker; they admit 
of being tested and any deviation found, but only by well-deviscd obser- 
vations. The complete theory provides formule for ascertaining their defects 
and the corrections of such errors; (d) indicates the principal adjustments 
to be made by the observer. 

To adjust a sextant is to set the index-glass and horizon-glass per- 
pendicular to the plane of the instrument, and their planes parallel to 
each other when the index-division is at o on the arc: also, to set the 
axis of the telescope parallel to the plane of the iWetrument each .of 
these particulars must _be examined before an observation is taken, and 
the adjustments, if requisite, made according to the following directions. 
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I. To set the Index-Glass perpendicular to the Plane of the Instrument 


, Place the index-bar near the middle of the arc, and holding the instru- 

ment in a horizontal position, with its plane upwards, the index-glass 
close to the eye, and the arc away from you, look obliquely into the 
glass in such a manner that you may see the arc by direct view, and by 
reflection, at the same time; if the arc seen by reflection forms an exact 
plane with the arc seen by direct view, the glass is perpendicular to the 
plane of the instrument, and it is in adjustment ; but if the reflected part 
of the arc appears lower than the true arc, tighten the adjusting (outer) 
screw at the back of the frame; if higher, slacken it. 


II. To set the Horizon-Glass perpendicular to the Plane of the Instrument 


Screw the plain tube, or the common telescope, into the collar ; set 0 on 
the vernier to 0 on the arc; and, holding the instrument horizontally, 
look through the telescope and the horizon glass at the sea-horizon, and 
observe if the reflected and true horizons appear in one line ; if they are, the 
horizon-glass is perpendicular to the plane of the instrument, and in adjust- 
ment ; otherwise, turn the uppermost screw at the back of the instrument till 
they perfectly coincide. 


This adjustment may also be made by directing the view through the 
telescope to the sun, 0 on the vernier coinciding with o on the arc ; hold 
the instrument perpendicularly and direct the telescope to the object ; move 
the index-bar so that the reflected image shall pass over the direct object ; 
if the reflected image be to the right or left of the direct object, turn the 
screw (as before) till they coincide with each other, when the glass will 
be perpendicular to the plane of the instrument. If the adjustment be made 
by astar, move the index backwards and forwards slowly, and observe if 
the reflected image, in passing the star, coincides with it. 


When this or the following adjustment is made by observing the sun, 
‘the inverting telescope is always to be used, and one or more of the shades, 
both before and behind the horizon-glass, are to be turned up, in order 
to screen the eye from the bright solar rays proceeding from the direct and 
reflected suns, which are to be made, by means of the shades, to appear as 
nearly as possible of the same degrec of brightness. 


Ill. To set the Horizon-Glass parallel to the Index-Glass, when the Index 
Division 1s at o on the Arc 


Make the index division of o on the vernier to coincide exactly with o 
on the arc; and, in order to make the coincidence as perfect as possible, 
examine them through the magnifying glass, or microscope, and fix the 
index by the clamp under it ; screw on the teies:ope. Having done this, 
hold the sextant perpendicularly, and direct the sight through the tele- 
scope to the horizon ; then, if the true horizon seen through the clear part 
of the horizon-glass appears in a line with the reflected horizon on the silvered 
part, the horizon-glass and index-glass are parallel. But if the reflected 
and truce horizons do not coincide, turn the lower screw at the back of the 
horizon-glass till they are made to appear in the same straight line, then 
will the planes of the horizon-glass ana index-glass be parallel. 
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IV. To set the Axts of the Telescope, when screwed into the collar, parallel to the 
Plane of the Instrument (Error of Collimation) 


In measuring angular distances, the line of sight, or axis of the tele- 
scope, should be parallel to the plane of the instrument, as a deviation 
in that respect may occasion a considerable error in the observation, and 
this is most sensible in large angles ; to determine the error use the telescope 
in which are placed two wires parallel to each other, and equidistant from 
the centre, to which are generally added two others at right angles to these, 
and parallel to each other. By means of these wires the adjustment may 
be made thus: screw on the telescope, and turn the tube containing the eye- 
glass till two of the wires are parallel to the plane of the instrument ; then 
take two objects, as the sun and moon, or the moon and a star, or two 
stars, whose angular distance must not be less than go to 100 degrees, because 
the error is more easily discovered when the distance is great: bring 
them exactly into contact at the wire which is nearest to the plane of the 
sextant, and fix the index; then by altering a little the position of the 
instrument, make the objects appear on the other wire. If the contact still 
remains perfect, the axis of the telescope is in its right situation; but if 
the limbs of the two objects appear to separate at the wire that is farthest 
from the plane of the instrument, it shews that the object-end of the tele- 
scope inclines towards the plane of the instrument, which must be rectified 
by tightening the screw of that part of the collar nearest to the sextant, 
having previously slackened the screw farthest away. If the images over- 
lap each other at the wire farthest from the sextant, the object end of 
the telescope is inclined from the plane of the instrument, and therefore 
adjust ina contrary manner. By repeating this observation a few times, 
the contact will be precisely the same at both wires, and consequently the 
axis of the telescope will be parallel to the plane of the instrument, or the 
line of collimation will be correct. 


The inverting telescope is a lunar instrument. It is now of no particu- 
lar use except for taking altitudes in connection with the artificial horizon. 
It is of little use for altitudes at sea, since we are never sure of the horizon 
to half a minute owing to abnormal refraction. 


To find the Index Error 


The index error is the number of minutes and seconds pointed out by the 
vernier, when the direct object and its reflected image coincide with each 
other, and may be found (1) by the sea-horizon, or (2) with greater 
accuracy by the sun. 


By the horizon.—Set o on the vernier to o on the arc, hold the sextant 
vertically, and look at the imrizon through the horizon-glass: if the 
horizon and its image are not in one line, move the tangent screw till they 
are so: the reading is the error. 


The reading may be on the arc proper, or on the arc of excess: it is on 
the latter when 0 on the vernier is to the right of o on the arc, and the reading 
is then said to be off the arc ; when oon the vernier is to the left of o on the 
arc, the reading is said to be ow the arc. The error is really the difference: 
between the position of 0 on the arc and o on the vernier. 
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If o on the vernier falls to the right of o on the arc, 7.¢., off the arc proper 
but on the arc of excess, every measurement will be too small, therefore index 
error is additive: if o on the vernier falls to the left of o on the arc, 7.¢., 0” 


the arc proper, every measurement will be too great, therefore the index error 
is subtractive. 


This method of finding the index error is not one of great precision. 


By the sun.—Having screwed the inverting telescope into its place, ad- 
justed the eye-tube to distinct vision, and turned up the proper shades, 
@ place o on the vernier about 30’ to the vight of o on the arc, and tighten the 
* clamp under the index of the sextant ; then, holding the instrument perpen- 
dicularly, bring the direct and reflected suns in exact contact by the tangent 
screw, and read off the minutes and seconds pointed out by the vernier on 
the arc of excess, which note down, and call it off ; next place o of the vernier 
about 30’ to the /eft of o on the arc, and make the contact of the two suns 
correct, as before; read the minutes and seconds indicated by the vernier 
on the arc proper, which call o#, and set them under the first reading ; 
then half the difference between the two readings will be the index error, 
which is additive to all angles taken with the sextant, when the greater 
reading is on the arc of excess, and subtractive when the greater reading . 


is on the arc proper. The direct and reflected suns will appear through the 
inverting telescope thus— 


Appearance on the arc of excess. Appearance on the arc proper. 


Direct (real) sun... & Reflected sun........ ee 
Reflected sun... . i 5 Direct (real) sun.... ‘= 


If the following observations had been taken to determine the index 
error, mark of with a positive sign, and on with a negative sign. 


Example I. Example II. 
Offi srereya sere + 31’ 45” Off xe cists + 32’ 10” 
ON es Me — 33 0 ON acess — 31 20 
2)I 15 2)0 50 
=, 0537 + 0 25 
Index error 37” subiractive, be- Index error 25” additive, be- 
cause the arc to the left, or om, cause the arc to the right, or of, 
is greater than the arc to the is greater than the arc to the 
right, or off. left, or on. 


To prove that the contacts were made correctly, add the arcs together 
and divide their sum by 4; the quotient should then be equal to the sun’s 
scmi-diameter, as given in page II. of the given month in the Nautical 
Almanac. ‘Thus, suppose the observations in Example I. were made on 
February 26th, 1888 : here the sum of the arcs is 64’ 45", the fourth part of 
which is 16’ 11”, agreeing nearly with the sun’s semi-diameter (16’ 11:1) as 


nnn, 


THE SEXTANT 145 


given on that day in the Nautical Almanac; it may therefore be presumed 
that the contacts were correctly made. 

Note.—If the altitude of the sun should be less than about 20° at the time of taking the 
above observations, the sun‘s horizontal, instead of the perpendicular, diameter should be 
measured ; for as refraction affects the lower limb more than the upper, it occasions the 
perpendicular diameter to be less than the horizontal, which is that given in the Nautical 
Almanac: in this case the sextant is to be held horizontally, with the face upwards, and the 
refiected sun brought into contact alternately with the right and left limbs of the direct (or 
real) sun, as before explained ; the contacts will then appear thus— 


Reflected ~™ Direct Direct oS. Reflected 
sun, §, A sun, sun. h ~ sun, 


By a star.—Set the sextant exactly at 0. Select a moderately bright 
star, look at it through the telescope and horizon-glass in the usual way, 
holding the sextant vertically. If the reflected and real stars coincide there 
is no index error and the sextant is in adjustment. 


If the horizon-glass is not perpendicular to the plane of the sextant the 
reflected star will appear to one side thus— 


x a 


r 


If the horizon-glass and the index-glass are not parallel to one another 
the reflected star will appear thus— 


*¥ 
mM 
If both adjustments are out they will appear thus— 
Big 
. i * 


While still holding the sextant vertically slip the small lever found 
in the box into one of the holes in the adjusting screws and turn the screws, 
first one and then the other, until the reflected and the real stars coincide. 


USE OF THE SEXTANT 
To chserve Altitudes at Sea, by the Sea-Horizon 


The altitude of any object is measured by the position of 0 on the vernier, 
when, by reflection, the object appears to be on the sea horizon: the 
face of the observer is directed towards that part of the horizon immedi- 
ately under the object, and the instrument must be held perpendicular 
to the horizon so that its plane produced would pass through the object. 

To Take THE SUN’s ALTITUDE.—Set the index at 0; fix what shades 
you require ; direct the eye through the sight vane and horizon-glass to 
that part of the horizon exactly under the sun; move the index from you, 
along the arc, and the image of the sun will appear to descend towards 
the horizon ; when the sun’s lower limb touches the horizon with accuracy 
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in the centre of the field, stop, and read off the altitude on the arc of the 
instrument. 

Or having proceeded as just described, and having taken a rough or ap- 
proximate altitude, you can clamp the index, screw in the telescope, and 
use the tangent screw to get a more perfect observation when the suns 
lower limb just touches the horizon. 


For AN ALTITUDE OF A STaR.—In order to be sure that you have the right 
star: when the index is at o, direct the sight to it, and bring it down 
gradually to the horizon by moving the index from you. 


Both for Sun and Star it may be better to give the instrument a slight 
vibratory motion to right and left, to be sure that you have measured 
a part of a vertical circle. 


The meridian altitude will have to be watched for some minutes, and 
the use of the tangent screw is indispensable ; the altitude rises until the 
object*is on the meridian, then seems to be stationary for the moment, 
and subsequently descends (dips). 


For the moon's altitude observe the enlightened limb ; it may be the upper 
or lower limb according to her position. 


The Artificial Horizon 


When altitudes are to be taken on shore with a sextant, where the observer 
has not the advantage of the sea-horizon, he is obliged to have recourse to 
an artificial horizon, which is a horizontal plane with a smooth or polished 
surface, on which the rays of the sun or other object falling are reflected 
back to an eye placed in a proper position to receive them ; theangle between 
the real and reflected objects being then measured with a sextant, will . 
be double the altitude above the horizontal plane. 


Such a horizontal plane may be obtained by pouring a quantity of oil, 
tar, treacle, or other fluid and viscous substance, into a shallow vessel ; and 
to prevent the wind giving a tremulous motion to its surface, a piece of 
thin gauze, muslin, or plate-glass, whose surface is perfectly plane and - 
parallel, may be placed over it when used for observation. 


An artificial horizon sometimes consists of a plane mirror, fixed in a 
brass frame, standing upon three adjusting screws, by which its surface 
may be made horizontal with the assistance of a spirit-level placed on its 
surface in various positions ; observing that the screws be turned until the 
air-bubble always rests in the middle of the tube. The under surface of 
the plate of glass is sometimes unpolished and blackened, so that the 
image of the sun can only be reflected from the upper surface, which would 
be carefully polished, and be a perfect plane ; by this means the errors that 
might arise from a defect of parallelism in the two surfaces are avoided. 


But the dest and most approved kind of artificial horizon is that pro- 
duced by quicksilver, which being poured into a small shallow trough will 
always preserve an exact horizontal plane at its surface: over this is placed 
a roof to protect the quicksilver from the action of the wind; in the roof 
are fixed two plates of glass, the two sides of each being ground perfectly 
plane and parallel. These are usually packed in a mahogany box, with a 
vessel containing a quantity of quicksilver, ready for use when wanted. 


em 
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Observations by means of the artificial horizon should be made at a spot 
sheltered from the wind and as quiet as possible. The mercury should be 
clean and pure ; and for aclear, brilliant surface, before pouring the mercury 
from the bottle, “‘ place the finger over the orifice, and give the bottle a 
shake in an inverted position, holding it over the trough previously cleaned : 
ease the finger, and allow the mercury to flow gently, keeping the bottle 
inverted, and taking care to stop the opening of the bottle before the last 
portion, with the dross, flows out.” 

When the mercury is pure, its surface clean, and the glass of the roof 
without flaw, trustworthy observations may be made. Errors arising from 
the glass roof may be partly eliminated by reversing the cover between 
each pair of observations. 

When one of these instruments is used, the observer is to place himself 
at a convenient distance, in such direction that he may see the object 
reflected from the artificial horizon as well as the real object ; then, having 
screwed on the telescope of the sextant (using no shades, but only a dark 
glass at the eye-piece), the upper or lower limb of the sun’s image, reflected 
from the index-glass, is to be brought into contact with the opposite limb of 
the image reflected from the artificial horizon, observing that when the 
inverted telescope is used the upper limb will appear as the lower, and 
vice versa ; the angle on the instrument being then read off, and the index 
error applied to it, will give double the altitude of the limb above the 
horizontal plane. 


Note.—It will perhaps be more easy to the observer if he first brings the images of the sun 
nearly into contact by the naked eye, and afterwards screws on the telescope, and makes the 
contact perfect by the tangent-screw. 


It is usual to observe three, five, or seven angles, and take the mean 
by dividing by 3, 5, or 7, as the case may be. Then, to the mean of the 
instrumental measurements apply the index error, if any, and the result 
will be double the apparent altitude: therefore dividing by 2 will give the 
correct apparent altitude of the limb observed. 


When observing the moon, place a green shade in front of the horizon- 
glass ; you require no dark glasses. 


It is always difficult to observe a star by the artificial horizon. 


No altitudes less than 15°, or much beyond 60°, can be observed by the 
artificial horizon. 


The following diagram will illustrate the method of observing alti- 
tudes with an artificial horizon. 

Let AB represent the horizontal 
surface of the mercury contained in a 
* shallow trough, whose plane is con- 
tinued toC; DE Fis the roof, in which 
are fixed two plates of glass, D Eand 
EF; and Ois the sun at S, whose 
altitude is required. Now the ray S H, 
proceeding from the sun’s lower limb 
to the surface of the mercury, will be 
reflected thence to the eye, in the direc- 
tion H G, and the upper limb of the 
sun’s image, reflected from the mer- 


cury, will appear in the line H G, asif it proceeded froma point R, whose 
K2 
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. angular depression A H R, below the horizontal plane, is equal to the alti- 
tude, A H §, of the object above that plane. If, then, I Gis a direct ray from 
the object parallel to S H, an observer at G can measure with the sextant the 
angle IG R=S H R=twice S HC (or 2S H A) by bringing the image of 
the object reflected by the index-glass into coincidence with the image R 
reflected by the mercury and seen through the horizon-glass. The instru- 
mental measure corrected for index error will be double the apparent 
altitude. Thus, if we suppose the angle S H R, measured by a sextant, 
to be 70°, the altitude of the sun’s Jower limb will be 35°. 


Example.—Suppose the observed angles between the lower limb of the 
sun, reflected from the index-glass of the sextant, and the upper limb 
reflected from the artificial horizon on shore, to be as follow; the index 
error of the sextant being 2’ 20” to add ; required the apparent altitude of 


the sun’s lower limb. 
Observed angles of sun’s lower limb ... 99° 20’ 15” 


» 25 30 
» 30 O 


» 34 45 
» 39 20 


5) 149 50 

99 29 58 

wines + 2 20 
2)99 32 18 

Apparent altitude of sun’s lower limb .... 49 46 9 


= 
. 
oes eeve 


Index error........sceeceeees 


No correction is required for the height of the eye (dip), as in observa- 
tions made by the sea horizon; but the other corrections, as usual (see 
“Correction of Altitudes ”’). 


Example.—Suppose the following angles of the sun’s lower limb were 
observed by means of an artificial horizon; the index error of the sextant 
being 1’ 50” to subtract ; find the apparent altitude of the sun’s lower limb. 


Observed angles .... XOI° 52’ 40” 
” » eee IOI 58 40 
” 1» wees TOR 4 IO 


Ans. 50° 58’ 20° 


CONCLUDING OBSERVATIONS AND NOTES 


An artificial horizon fitted to the sextant, if it gave accurate results, 
would have inestimable value; it has been the hope of many an observer 
and inventor to produce such an instrument; but all the attempts 
hitherto made in that direction, if they have not been total failures, have 
yielded no satisfactory results, Inasmuch as strict accuracy under all circum- 
stances was not a certainty. 
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When the altitude of a body is more than 60°, it may be observed from 
the opposite point of the horizon as well as from the point of the horizon 
immediately beneath it. 

See that the tangent screw has plenty of run onward or backward, as the 
case may be. 


When two screws work against each other, be sure when tightening one to 
Joosen the other, if necessary. 


When reading off the sextant, whether at night or by day, do not hold 
the instrument sideways to the light, but take care that the light comes directly 
along the index-bar to the vernier ; neglect of this may cause an error of 
one or two minutes of arc. 

When using the telescope, close the eye not required for vision ; with 
the tube it is sometimes preferable to keep both eyes open, because the 
image being seen by both eyes under the same magnitude one assists the 
other. 

The shades, if they are of doubtful character, are not always necessary. 
For the sun, by using only a dark glass at the eye-piece of the telescope, 
correction for shade error is avoided. 


What is called a star telescope is now very often fitted to a sextant, and is 
strongly recommended by those who take altitudes of stars to determine 
the ship’s position ; by its aid the horizon.on a dark night can generally 
be discerned, though otherwise not to be distinguished. 

In the tropics the great heat of the sun will certainly affect the instru- 
ment if it be kept too long exposed. 

Before putting your sextant away in its box, wipe the glasses with a piece 
of soft chamois leather: do not use a pocket-handkerchief or rag for this 
purpose. Be careful not to use much pressure, otherwise the adjustments 
may be disturbed. Moisture allowed to remain on the mirrors will soon 
impair the silvering. 

The vernier was invented by Pierre Vernier in 1631; but it differed 
slightly from that now in use: the term mnonius for this invention is quite 
a mistake, as it is only applicable to another kind of subdivision. 


If the navigator is desirous of possessing a good and reliable instrument 
he should send it to Kew Observatory, where all its defects will be ascer- 
tained, and errors given, for a small fee; when purchasing a new, first-class 
sextant, ask the optician for the Kew certificate. 





HELE BAROMETER 


The barometer is an instrument with which to measure the variations in 
the weight or pressure of the atmosphere. The principle of the mercury 
barometer was discovered by Torricelli, a pupil of Galileo, in 1043. 

A mercury barometer consists of a glass tube 
(see Fig. 1) about 33 inches long, closed at one end 
and filled with pure mercury. which has been boiled 
to get rid of all air bubbles ; the tube is then in- 
verted and its open end immersed in a cistern of 
mercury (D). This cistern has a smal! hole (H) in 
it covered with a leather washer on the inside to 
prevent the mercury escaping from the cistern, 
and it is through this small hole that the atmo- 
sphere exerts its pressure on the mercury in the j 
cistern and causes the mercury in the tube to rise 
and fall as the atmospheric pressure gets greater 
or less. The pressure of the atmosphere is about 
I4:7 pounds per square inch at sea level at the 
zempcerature of 32° F. 

The latest pattern barometers are graduated in 
inches and decimals of an inch on one side and in 
centibars and decimals of a centibar on the other 
side. «A vernier, the principle of which is thoroughly 
explained in the chapter on the sextant, is fitted 
to the scale to facilitate the reading of small varia- 
tions of pressure. The vernier is moved up and 
down by a rack and pinion, which is operated Ly 
a milled screw as shown in Fig. r (E). It is only a 
necessary to graduate a sufficicnt length of the tuke 
at the top to measure all the variations in tl.e 
atmospheric pressure, which varies from about 27 5 
inches to a little over 31 inches. 

In a marine barometer the tube is very much 
coniracted for the greater part of its length, and 
at one portion (C) it is of capillary dimensions, in 
order to prevent what is technically known as 
“pumping,” which is caused by the labouring of 
a vessel when in a heavy sea, and also to lessen 
the weight the tube has to support. 

The tube is also fitted with an air trap (A) which consists of a small 
funnel, or pipette, whose function is to prevent air from getting into the tube 
above the mercury, which space should be a perfect vacuum. [f any air 
should find its way into the tube above the mercury, the higher the reading 
the greater the error from this cause, because the pressure of a gas is inversely 
proportional to its volume. 

A thermometer (Fig. 1, F) is also attached to the barometer and should 
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always be noted when recording readings for the purpose of reducing them 
to standard temperature. This attached thermometer shows absolute 
temperature and the graduations are centigrade. 

Fig. 5 is an enlarged drawing of the attached thermometer shown at F 
in Fig. 1. It is graduated on the left-hand side in Centigrade divisions, 
and reckoned from the absolute zero ; on the right-hand side it is graduated 
in accordance with the Fahrenheit scale, whose freezing-point is + 32°. 
It will be observed that 273° A. are coincident with + 32° F., hence it 
follows that the freezing-point on the absolute scale is 273°. As 5° C. are 
equal to 9° F., it follows that every 5° on the absolute thermometer above 
and below the freezing-point must be coincident with every 9° on the 
Fahrenheit thermometer. Thus, it will be found that 278°, 283°, 288°, 
and 293° A. are coincident with + 41°, + 50°, + 59°, and + 68° F. respec- 
tively, and 268°, 263°, 258°, and 253° A. are coincident with + 23°, + 14°, 
+ 5°,and — 4° F. The spaces between the divisions on any thermometer 
are equal, because equal increments of heat give equal increments in the 
len :th of the thread of mercury. 

The marine barometer is so constructed as to obviate any correction for 
capillurity which tends to depress the mercury in the tube, or for the ever 
varying height of the mercury in the cistern caused by the mercury rising 
and falling in the tube as the pressure gets greater or less. There are, 
however, other corrections which cannot be eliminated in the construction, 
such as changes of temperature, changes of level, and change of latitude, each 
of which will now be explained. 

Temperature correction—As a column of mercury lengthens when heated 
and shortens when cooled it is necessary to apply a correction for temperature 
to show what the readings would have been at 32° F., which is the standard 
temperature to which all barometer readings are reduced for purposes of 
comparison. 


CoRRECTIONS FOR REDUCING READINGS BY MERCURY BAROMETER. 


To Temperature 

















of 273° Aba. To Sea Level. To Standard Gravity at Latitude 45° N. or S. 
i Correction. 
Temp. | Correc- 4 Feisht | Correc. | 1t- 
by Att.) tion. se tion. | No 
Ther. feet. 8. At At 
Abs. | 27 ins. | 80 ins. 
° in. ft. in. e in. in. 
_ + etnies eet 
272 ‘oo Io ‘oI ° ‘07 08 
275 "02 20 02 Io 07 OF 
277 03 30 03 20 "05 “06 
283 ‘06 40 "04 25 05 05 
289 *09 50 05 30 "04 04 
294 | “x1 60 *07 35 +02 “03 
300 "14 70 ‘08 40 “or ‘OT 
305 | ‘16 | 80 "09 45 | ‘oo | -oo 








2) ohne correction is to be added when the 
ts at the head of the column. 


13 ovliny re pita Cee EAS f=. 


dinate A a) eae. 5 eae 


sign +.,and subtracted when the sign — 
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Height correction.—As the pressure of the air is reduced as we rise above 
sea level it follows that there will always be a correction to be applied when- 
ever the cistern is above sea level. The correction from this cause aniounts 
to about -oor inch for each foot above sea level and is always additive. 

Gravity correction.—The earth being a spheroid flattened at the poles, 
the polar radius is less than the equatorial radius, and as the force of gravita- 
tion varies inversely as the square of the distance from the centre of mass 
and also as centrifugal force is directly opposed to gravity at the equator and 
vanishes at the poles, it follows that a column of mercury is shorter at the 
poles than it would beat the equator; and as itis necessary for the sake of 
precision in comparison that some latitude shall be agrecd upon as a standard 
for the measurement of weight, the latitude chosen is 45”. 

From what has been said it is clear that a column of mercury between the 
equator and 45° N. or S. is longer than it would be at the standard latitude, 
and in order to reduce it to ‘‘ standard ’’ a minus correction would have to 

be applied, whereas a column of mercury between 45° N. or S. and the pole 
is shorter than at the standard latitude, and the correction to reduce it to 
“‘standard ” would be plus. 


SETTING AND READING A BAROMETER 

When setting the vernier and reading the barometer 
great care should be taken to have the eye on the same 
level as the top of the mercury, and the tube must be 
allowed to hang vertically in the gimbals and not held 
in the hand while setting the vernicr, 
because any inclination of the tube causes 
the mercury to rise. If the barometer 
is pumping at the time of observation the 
vernicr should be set for reading when the 
mercury has completed its downward 
movement. It should be borne in mind 
that it is the mercury in the tube that 
rises and falls with the motion of the 
ship, and not the mercury in the cistern. 

In Fig. 2, the bottom of the vernier 
(D) having been brought into coincidence 
with the top of the mercury, the scale 
line 29°50 exactly coincides with the zero 
of the vernier, and whenever this is the 
case the uppermost graduation (C) on the vernier should 
always coincide with a scale graduation as shown. 

In this example the reading is 29-5, or 29°50, or 29-500 
inches. 

In Fig. 3 the bottom of the vernier (D) is above 30°00 
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and below 30-05; it is therefore obvious that the reading lies between 
30°00 inches and 30-05 inches. Looking carefully at the graduations on 
the vernier it is seen that the figure 3 nearly coincides with a scale gradua- 
tion ; the figure 3 indicates -03; on a closer examination it is seen that 
the graduation on the vernier half-way between 3 and 4 is in exact agree- 
ment with a scale reading; this graduation represents -005, so that D is 
-035, or thirty-five thousandths of an inch above the scale reading next 
below D. 


The reading can be put down in the following form— 


Reading on scale in inches ......+..eseeeeeue _ 30-000 
Reading on vernier in hundredths of aninch.... 030 
Reading on vernier in thousandths of an inch.. 005 





Actual reading of barometer ...........--- 30 035 


DH o hee 


————_——_—_——" 


or 30 inches point thirty-five thousandths of an inch. 


Fig. 4 shows the graduations of a Kew pattern barometer ; it is gradu- 
ated on one side in centibars with millibar divisions, and on the other in 
inches with twentieths of an inch divisions. This drawing is an exact 
reproduction of a barometer of the latest pattern, and shows the graduations 
exactly as they appear on the instrument; the equivalent number of 
millibars corresponding to any reading of inches and tenths being the same 
as shown by the instrument, .but it should be observed that this does not 
agree with the Table of Equivalents of inches and millibars as shown on 
page 9 of the Seaman’s Handbook of Meteorology. The barometer in this 
figure is reading at 30-5 inches, which corresponds to 1,030°8 millibars. The 
Standard Temperaturestamped on theinstrument is the ternperature at which 
a reading of 1,000 millibars of pressure would be correct at sea level in lat. 
45° N-orS. It is, therefore, the ‘‘ Fiducial Temperature ” for that instru- 
ment in lat. 45°, and the cistern of the barometer at sea level. Should the 
barometer not be at sea level a new ‘‘ Fiducial Temperature ”’ will have to 
be found by adding 1° for every five feet, or 175 meters, that the cistern is 
above sea level, to the temperature stamped on the instrument, the result 
will be the Fiducial Temperature for that height in lat. 45° N. or S., when 
the pressure is 1,000 millibars. The Fiducial Temperature is different in 
different latitudes, and it is recommended to compile, by means of Table I., 
a table of “ Fiducial Temperatures ’’ from the Equator to 75° N. or S., 
making due allowance for the height of the cistern above sea level. To 
correct a reading the observer has then only to consider the difference 
between the ‘‘ Actual Temperature,”’ as shown by the attached thermometer 
(Fig. 5), and the ‘ Fiducial Temperature’ shown by the table for that 
particular latitude The correction for this difference of temperature 
amounts to ‘1 millibar for every -6 of a degree of temperature that 
the Actual differs from the Fiducial, or x millibar for every 6° of 
difference ; when the attached thermometer reads higher than the Fiducial 
Temperature the correction is subtractive, and when the attached 
oe reads lower than the Fiducial Temperature, the correction is 
additive. 


oy 
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GRADUATIONS OF A KEW PATTERN BAROMETER 
AND THERMOMETER 
bare, Inches, . ntigrade a ' 
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Fig: 4: Fig. 5. 
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SUPPLEMENTARY CORRECTIONS FOR SPECIAL ACCURACY 


The correction in Table II. is in reality a fractional part of the pressure, 
and ought to be adjusted proportionally for different points in the range of 
atmospheric pressure. The adjustment is made by adding r per cent. to 
the quantity taken from Table II. for each centibar above 100, and sub- 
tracting I per cent. for each centibar the barometer reading is below I00 
centibars. 

One per cent. only begins to be appreciable when the correction from 
Table II. is about io millibars and, except on rare occasions, may be 
neglected. 


CORRECTION FOR SCALE ERROR 


This can be provided for by the table of Kew corrections, which gives 
the Standard Temperature at different points of the scale. A properly 
graduated scale should have the same Standard Temperature throughout its 
range. If correction for Standard Temperature in different parts of the 
scale be necessary, it can be found from Table II. 

Example of scale correction. 

Barometer M. has Standard Temperature 286° A. at 1,000 millibars, and 
280° A. at goo millibars. Find the scale correction when the reading is 
920 millibars. 

The Standard Temperature at 920 millibars would be 281° A. or 5° below 
standard conditions, and is equivalent to reducing the “ Fiducial Tempera- 
ture’ by 5°, which, in Table II. A., gives °8 millibar to be subtracted 
from the reading. 


TABLE I. 


Latitude | 


Subtract Degrees A. 


Latitude | go 
Add Degrees A. 





TABLE II. 










(A.) AcTUAL TEMPERATURE ABOVE THE FIDUCIAL TEMPERATURE. 


Actual } { Fiducia) } | 


Tempera- }—4 Tempera- 
ture. Hire. : ees °° 5 S: v e s° to: 
Subtract .. oe ee 2 3 Ss 7” 8 | reo | m2 | m3] 15 | 1-7 mb. 





(B.) AcTuat TEMPERATURE BELOW THE FipUCIAL TEMPERATURE. 


| 


1° 2° 3° “ 5° 6 ”| 8 3° ro? 






Tempera- Tempera- 


Fiducial { Actual 
ture. ture. 






13 | 15 {07 mb. 





= 
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Relation of millibars to inches. (See Fig. 4).—The units on the absolute 
scale are related to one another as follows :— ° 


Io millibars = 1 centibar. 
Io centibars = 1 decibar. 
ro decibars = I bar. 


The millibar is adopted as the working unit in the Daily Weather Service. 
The scale of millibars is related to the conventional scale of mercury inches 
as follow :— 


Normal pressure for British Isles, 
, 29°92 mercury inches = 1013-2 millibars. 
Highest recorded pressure for the British Isles, 
3I°II mercury inches = 1053-5 millibars. 
Lowest recorded pressure for the British Isles, 
27°33 Mercury inches = 925-5 millibars. 
I millibar = 029 mercury inch. 


Thus one-tenth of a millibar corresponds with -003 mercury inch, which 
may be taken as the limit of accuracy to which it is possible to read a 
barometer under favourable conditions. 

A few examples will now be given of the method of correcting barometer 
readings recommended by the Meteorologicat Committee. 

Barometer M. 12 metres (40 feet) above sea level in lat. 52° N. reads 
r013'r millibars; attached thermometer 285° A. Find the Fiducial 
Temperature in Jat. 52° and correct the reading, the Fiducial Temperature 
for that instrument in lat. 45° at sea level being 286° A. 


Fiducial Temperature in lat. 45° at sea level 286° A. 
Correction for 12 metres + 8° 





Fiducial Temperature in lat. 45° at a height of 12 metres 294° A. 
Latitude correction, Table I. + 4° 

Fiducial Temperature in lat. 52° at a height of 12 metres 298° A. 

Actual Temperature Attached Thermometer 285° A. 





Diff. 13° 


Uncorrected reading 1013-1 millibars 
Correction for 13° diff. between Actual and Fiducial Tempera- 
tures from Table II. B. + 2-2 millibars 





10153 
Proportional adjustment 14 per cent. of 2-2 negligible 0 
Scale Error—nil re) 





Corrected reading 1015-3 millibars 


Barometer MA. 50 feet above sea level in lat. 60° S. reads 1,028 millibars ; - 
attached thermometer 278° A. Find the Fiducial Temperature for that 
latitude, and correct the reading, the Fiducial Temperature for that 
instrument in lat. 45° at sea level being 285° A. 


a 
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Fiducial Temperature in lat. 45° at sea level 285° A. 
Correction for 50 feet + 10° 





Fiducial Temperature in lat. 45° at a height of 50 feet 295° A. 
Latitude correction, Table I. 8° 





Fiducial Temperature in lat. 60° at a height of 50 feet 303° A. 
Actual Temperature Attached Thermometer 275° A. 





Diff. 25° 


Uncorrected reading 1028 millibars 
Correction for 25° diff. between Actual and Fiducial Tempera- 
. tures from Table If. B. + 4-1 millibars 








1032°r 
Scale Error —nil 0 
Proportional adjustment 3 per cent. of 4:1 12 
Corrected reading 1032°22 millibars 


From the above it is obvious that a table of Fiducial Temperatures for 
the height of the ‘‘ Barometer Cistern ”’ above sea level in different latitudes 
much facilitates the correcting of barometer readings, as, for practical 
purposes, there is only the correction given in Table II. for the difference of 
temperature between the Actual Temperature and the Fiducial Tempera~ 
ture, in the particular latitude the observer is in, to be applied to the reading 
as shown by the barometer in order to reduce the reading to Standard 
Conditions. 


BAROMETER (ANEROID) 


The aneroid barometer is another instrument for measuring changes in 
pressure. It consists of a circular metallic chamber partially exhausted 
of air and hermetically sealed. By an arrangement of levers and springs — 
a hand is worked which indicates the pressure. /i ¢o enc agytrol sO lens 
( 


This instrument is particularly useful in ships, as it can be placed in a 
position immediately under the eye of the officer on deck, which, generally 
speaking, is not a practicable or advantageous position for a mercury 
barometer. The aneroid should be frequently compared with the mercury 
barometer, and corrected, when necessary, by means of the adjusting 
screw at the back. Whenever such an alteration of the index error is 
made, the f-.ct should be clearly stated in the log book, or on any records 
o observations, as a guide to persons consulting the data for use in the: 
uture. 


Readings of aneroids do noterequire correction for temperature, but only 
for height above sea level and index error. The figure given for the correc- 
tion of the aneroid barometer of ships in communication with the Meteoro- 
logical Office is frequently a combined result, and makes allowance for’ 
both height and index error. 
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THE THERMOMETER 


This instrument shows increase or decrease of temperature but is not 

sensibly affected by changes of the pressure of the air. It consists of a glass 
tube of very small bore, closed at one end, and united at the other toa bulb, 
which is commonly filled with mercury. Thermometers intended for use in 
very cold climates are filled with spirit instead of mercury, which would 
freeze and solidify at the low temperatures of the Arctic regions, whereas 
spirit would not freeze. Mercury freezes at a temperature of about — 382° F. 
= 39°C.; spirit (pure alcohol) becomes a thick liquid at — 130° F., and 
solidifies into a white mass at — 202° F. Almost all substances expand 
when they are heated, and contract when they are cooled, but they do not all 
expand equally. Mercury expands more than glass, and so when the ther- 
mometer is heated the mercury in the bulb expands, and that portion of it 
which can no longer be contained in the bulb rises in the tube, in the form of 
a thin thread. The tube being very minute, a small expansion of the 
mercury in the bulb, which it wculd be difficult to measure directly, becomes 
readily perceived as a thread of considerable length in the tube. When the 
instrument is cooled the mercury shrinks, and the thin thread becomes 
shorter as the mercury subsides towards the bulb. By observing the 
length of the thread of mercury in the tube, as measured by the graduation on 
the scale at its side, or marked on the tube, the thermometer shows the 
temperature of the bulb at the time, which thus indicates the temperature 
of the surrounding air, or of any liquid in which the bulb is immersed. 

The indications of a thermometer are recorded in degrees, the scale for 
which is obtained as follows. There are two fixed points on the scale accord- 
ing to which thermometers are graduated, viz., that at which ice melts, and 
that at which water boils. In the thermometers in ordinary use in England, 
the distance between these two points is divided into 180 parts, or degrees. 
When surrounded by melting ice an accurate thermometer on this scale 
indicates 32°, and if placed in boiling water, when the barometer reading is 
30 inches, the reading is 212°. This graduation was adopted by Fahrenheit, 
a native of Dantzig, in the year 1721. Other graduations were devised about 
twenty years later; one by Celsius, a professor at Upsala, in 1742, and 
another by Réaumur, a French physicist, at about the same period. Celsius 
suggested that the boiling-point be called zero, and the freezing-point 100°, 
The modern Centigrade scale, which is an adaptation of the Celsius, is in 
general use at the present time in most Continental countries, the freezing- 
point is taken as zero, and the boiling-point as 100°. Réaumur framed a 
scale similar to the Centigrade but divided the interval between the freezing 
and boiling-points into eighty divisions. This scale, which at one time was 
commonly employed on the Continent, is now almost obsolete. 

The Absolute scale is yet another measure of temperature that has been 
introduced, based on the researches of the late Lord Kelvin, Dr. J. P. Joule, 
and others, who found the absolute zero of temperature to be 273° Centi- 
grade below the freezing-point of water, or 459° on the Fahrenheit scale. 
This zero of temperature is based on the doctrine of the dissipation of 
energy, heat having for a long time previously been recognised as a form of 
energy. It represents, so far as our present knowledge goes, the temperature 
at which the whole of the heat of any substance whatever would have been 
converted into some other form of energy. The principal advantage of the 
Absolute scale for meteorological work is that all negative values are avoided. 
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THE HYGROMETER 159 
Formula—- 


F°=C° x : + 32°, and C° = (F° — 32°) x3 
where F° = degrees Fahrenheit and C° = degrees Centigrade. 


Also see Norie’s Tables, Table for conversion of temperature readings of 

Fahrenheit and Centigrade scales to the Absolute scale. 5 
2 : POP PO fm — 
LE. 

This instrument measures the humidity of the air. There are several 
kinds of hygrometers, but the easicst to make and: to manage consists of a 
pair of thermometers placed near each other. If one of these be fitted with 
a single thickness of fine muslin or cambric fastened tightly round the bulb, 
and this coating be kept damp by means of a few strands of cotton wick, 
which are passed round the glass stem close to the bulb so as.to touch the 
muslin, and have their lower ends dipping into a cup of water placed close 
to the thermometer, it will usually show a temperature lower than that 
shown by the other thermometer which is near it, the amount of the differ- 
ence, commonly called the depression of the wet bulb, being dependent on 
the degree of dryness of the air. 

To ensure correct records of the temperature and humidity of the air, the 
dry- and wet-bulb thermometers should be placed in a screen, the sides of 
which are protected from the sun and rain by narrow sloping boards over~ 
lapping each other, but with spaces between, so as to let in the air freely. 
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This instrument is empioyed for determining the specific gravity of 
liquids. The hydrometer used at sea is constructed of glass. If made of 
brass the corrosive action of salt water soon renders the instrument erron- 
eous inits indications. The form of the instrument in common use is shown 
in Fig. 1. It consists of a glass tube ending in a globular bulb partly filled with 
mercury or small shot, to act as ballast and to make the instrument float 
steadily in a vertical position. From the neck of the bulb the glass is 
expanded into an oval or cylindrical shape, to give the instrument sufficient 
volume for flotation ; above this it is tapered off to a narrow upright stem 
closed at the top, attached to which is an ivory scale. The divisions on the 
scale read downwards, so as to measure the length of the stem which stands 
above the surface of any fluid in which the hydrometer is floated. The 
denser the fluid, or the greater its specific gravity, the higher will the instru- 
ment rise ; the rarer the fluid, or the smaller its specific gravity, the lower it 
will sink. 

The indications depend upon the well-known principle that any floating 
body displaces a quantity of the fluid which sustains it, equalin weight to the 


weight of the floating body itself. According, therefore, as the specific’ 


gravities of fluids differ from each other, so will the quantities of the fluids 


displaced by any floating body, or the depth of its immersion, vary, when it 
is floated successively in each. 


260 THE HYDROMETER 


The specific gravity of distilled water, or its relative weight, compared at 
the temperature of 62° F., to an equal volume of other substances, being 
taken as unity, the depth at which the instrument remains at rest when 
floating in distilled water is the zero of the scale on which its indications are 
recorded. If the specific gravity or the density of the water be increased, 
as it is by the presence of salt in solution, the hydrometer will rise, and the 
scale is so prepared as to indicate successive increases of density up to 4 per 
‘cent., or 40 in the thousand parts. The graduations thus extend from 0 to 
40, the latter corresponding to the mark on the scale which will be level 
with the surface when the instrument is placed in water, the specific gravity 
of whichis 1-040. In recording observations, the last two figures only—being 
the figures on the scale—are written down. There has recently been intro- 
duced an hydrometer of more open scale, which has a range of from 15 to 35 
(Fig. 2), instead of from o to 40, asin Fig. 1. This change will facilitate read- 
ing, and serve nearly every purpose for observations on board ship. 

The instrument is used to show the relative density of different parts of 
the ocean. It may float at 40 or even higher in some parts of the Suez 
Canal, where the water is exceedingly salt. On the western side of the North 
Atlantic, in the Tropics, Bay of Bengal, and Black Sea, and in the vicinity 
of the mouth of a large river, the hydrometcr 
will sink much deeper, owing to the compara- 
tive freshness of the water. The water employed 
for taking the specific gravity of the sea should 
be drawn in a bucket from over the ship’s side, 
forward of all ejection pipes, and its tempera- 
ture immediately observed and recorded, so that 
by its aid the specific gravity may be reduced 
to what it would have been at the temperature 
of 62° F. as explained below. The hydrometer 
should be slightly spun in the centre of the 
bucket ; it soon loses any up-and-down motion ; 
and the scale can be read before the turning 
motion has entirely ceased. 

Whenever the temperature of the water tested 
differs from 62°, a correction to the reading is 
necessary, for the expansion or contraction of the 
glass, as well as for the temperature of the 
water itself, in order to reduce all observations 
to one generally adopted standard. 

When using the hydrometer, it should be scrupulously clean, all dust, 
smears, or greasiness being got rid of by wiping the instrument witha clean 
soft cloth, before and after use. 








THE TIDES 


AND ON THE CORRECTION FOR SOUNDINGS 


Tidal phenomena present themselves under two aspects: as alternate 
elevations and depressions of the sea, and as recurrent inflows and out- 
flows of streams. Careful writers, however, use the word fide in strict 
reference to the changes of clevation in the water, while they distinguish the 
recurrent streams as tidal currents. Hence, also, rise and fall appertain to 
the tide, while flood and ebb refer to the tidal current. Stand should be 
used specifically for the period of time, at high or low water, when no 
vertical change can be detected ; and slack for the period of time when no 
horizontal motion can be detected. Set and drift are applicable only to tidal 
currents, as indicating direction and velocity. The range of the tide is the 
height from low water to high water. 

The cause of the tides is the combined action of the sun and moon. The 
relative effects of these two bodies on the oceanic waters are directly as 
their mass, and inversely as the square of their distance ; but the moon, 
though small in comparison with the sun, is so much nearer to the earth 
that she exerts the greater influence in the production of the great tide-wave : 
thus the mean force of the moon, as compared with that of the sun, is as 2} 
tol. 

The attractive force of the moon is most strongly felt™by those parts 
of the ocean over which she is vertical, and they are, consequently, drawn 
towards her; in the same manner the influence being less powerfully 
exerted on the waters furthest from her than on the earth itself, they must 
remain behind. By these means, at the two opposite sides of the earth, in 
the direction of the straight line between the centres of the earth and 
moon, the waters are simultaneously raised above their mean level ; and the 
moon, in her progressive westerly motion, as she comes to each meridian 
in succession, causes two uprisings of the water—two high tides—the 
one when she passes the meridian above, the other when she crosses it below ; 
and this is done, not by drawing after her the water first raised, but by 
raising continually that under her at the time; this is the tide-wave. Ina 
similar manner (from causes already referred to) the sun produces two tides 
of much smaller dimensions, and the joint effect of the action of the two 
bodies is, that instead of four separate tides resulting from their separate 
influence, the sun merely alters the form of the wave raised by the moon ; or, in 
other words, the greater of the two waves (which is due to the moon) is 
modified in its height by the smaller (sun’s) wave. When the summit of 
the two happens to coincide, the summit of the combined wave will be at 
the highest ; when the hollow of the smaller wave coincides with the summit 
of the larger, the summit of the combined wave will be at the lowest. 

‘Af the earth presented a uniform globe, with a belt of sea of great and 
unfform depth encircling it round the equator, the tide-wave would be 
perfectly regular and uniform. Its velocity, where the water was deep 
and free to follow the two Penne would be 1,000 miles an hour, and 
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. the height of tide inconsiderable. But even the Atlantic is not broad 
enough for the formation of a powerful tide-~wave. The continents, the 
variation in the direction of the coastline, the different depths of the 
ocean, the narrowness of channels, all interfere to modify it. At first it 
is afiected with only a slight current motion towards the west—a motion 
which only acquires strength when the wave is heaped up, as it were, 
by obstacles to its progress, as happens to it over the shallow parts of the 
sea, on the coasts, in gulfs, and in the mouths of rivers. Thus the first 
wave advancing meets in its course with resistance on the two sides of a 
narrow channel, it is forced to rise by the pressure of the following waves, 
whose motion is not at all retarded, or certainly less so than that of the 
first wave ; thus an actual current of water is produced in straits and narrow 
channels ; and it is always important to distinguish between the tide-wave, 
as bringing high water, and the tidal stream—between the rise and fall of 
the tide. and the flow and ebb. 

In the open ocean, and at a distance from the land, the tide-wave is im- 
perceptible, and the rise and fall of the water is small ; among the islands 
of the Pacific 4 to 6 feet is the usuai spring rise. But the range is con- 
siderably affected by local causes; as by the shoaling of the water and the 
narrowing of the channel, or by the channel opening to the free entrance 
of the tide-wave. In such cases the range of tide is 35 to 45 feet or more, 
as in the Bay of Fundy, in the river Severn, and at St. Malo, and where the 
tidal stream is one of great velocity. It may under such circumstances 
even present the peculiar phenomenon called the bore, as in the Hooghly 
and the Amazon Rivers, where a wave comes rolling in with the first of the 
flood, and, with a foaming crest, rushes onwards, threatening destruction to 
shipping, and sweeping away all impediments lying in its course. 

It is certain that in the open ocean the great tide-wave could not be 
teepeniees as a wave, since it is merely a temporary alteration of the sea- 
evel. 

The progress of the tide-wave as it circulates round the globe is shown 
on a physical chart by a series of irregular curves called co-tidal lines ; 
and thus these curves pass through all such places as have, at full and 
change, a contemporaneous tidal hour. 

In enclosed seas, as the Baltic and the Black Sea, there are no tides: 
in the Mediterranean and Red Sea, open at their entrance, the range is 
small. 

Shortly after the time of conjunction, when the moon is mnew—and at 
opposition, when the moon is fu//—the moon and sun are in such positions 
that their attractions produce the greatest effect on the waters, and the 
result is the highest tides, called the spring tides. 

When the action of the moon and sun are contrary, as when the moon 
is in quadrature, the tides have the least range and are called neap tides— 
the moon’s action being then the least possible, and the sun’s the greatest 
possible. = _ 

High water occurs on the average of 28 days comprising the lunar month, 
at about the same interval after the time of the moon’s crossing the 
meridian. This nearly constant interval, expressed in hours and minutes, 
is known as the /zenitidal interval. The observed interval at the time of 
full and change at any port is the establishment of the port, which is “an 
element necessary for the-determination of the tidal hour to be derived from 
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standard tables of reference. The corrected establishment, used in the United 
States Coast Survey, is the mean of all the intervals of the tides and 
transits of half the month. The time elapsed between the original formation 
of the tide and its appearance at any place is called the age of the tide, 
and sometimes the retard. The difference between the lunitidal interval 
and the correct establishment is the semt-monthly inequality. 

The height of the tide is subject to considerable perturbation from the 
weather; and the effect of winds from different directions in raising or 
lowering the mean level of the water is well known. The water also stands 
higher with low, and lower with high, barometer; to what exact extent is 
uncertain; estimates vary from 7 to 20 inches rise of water for an inch 
fall of the mercury. Again, the times of high and low water must not 
be considered to always coincide with the times of slack and change of 
current, the two phenomena being frequently quite distinct. In estuaries 
and rivers the water often still runs up-stream for long after the tide has 
turned, and when the water-level is falling; the converse is true of ebb 
and low water: the current in the offing compared with that near the shore 
often presents these peculiarities. —= 

In many estuaries and rivers the water rises much more rapidly than it 
falls. In some places there is a double high water, called t#de and haif- 
tide ; the second high water occurring within an hour or two of the first, / 
making four high tides in the day, generally caused by some peculiarity 
in the coastline. Southampton has a double tide caused by the tide flowing} 
in first at the Needles then again round St. Catherine’s. <4 

The possibility of computing an accurate tide-table depends on the know- 
ledge of certain tidal constants appropriate to the port, and most of these 
constants must be obtained from a series of observations at the port. The 
basis of the computation, whether for time or height of high water, chiefly 
depends on the time of the moon’s transit, the semi-monthly inequality, 
and the corrections for the moon’s parallax, the moon’s declination, the 
sun’s declination, and the sun's parallax. And in not a few places the tides 
are affected by a diurnal, and even by a semi-diurnal, inequality, the 
effect of the latter being that one high and one low water may be succeeded 
by a second high and low water of considerably diminished range ; and 
again at certain of the moon’s quadratures, in years of large lunar declina- 
tion, the /nfertor tide may disappear altogether, and there will be only one 
high and one low water during the day. 

It is the custom of the Admiralty to publish, in advance, annual “ TIDE 
TABLES,” which are indispensable to the navigator. These. Tables give, for 
every day in the year, the predicted times and heights of the tides at all the 
principal ports of Great Britain and Ireland, and the times of low water at 
several prominent ports; also the times and heights of the tides at the 
principal ports of the world ; and then by a system of “‘ Tidal Constants ” 
or tidal differences the times and heights at any port can be readily 
calculated. 

At the end of the Tide Tables is also given a description of the general set 
of the tides in the neighbourhood of several parts of the coast, including tides 
on the west coast of Scotland ; a full account of the streams among the 
Orkneys, and through the Pentland Firth ; the development of the move- 
ment of the great tide-wave up the English and Irish Channels, and into 
the North Sea; to which has been added a description of the set of the 
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tides in the vicinity of Rathlin Island on the north coast of Ireland, and 
remarks on the tidal streams among the Channel Islands. 

The time of high water at Dover for every other day of the year is 
given upon a detachable leaf to be used with a pocket atlas of tidal streams 
round the British Isles. 

Lastly, there is appended for various places on the globe, arranged 
according to the apparent progress of the tide-wave, as well as alphabetically, 
the time of high water on the days of full and change ; with the rise of the 
tide at springs and neaps. 

The United States Coast Survey publishes similar Tide Tables, with the 

: necessary differences, for the Atlantic and Pacific coasts of the United States ; 
and the Indian Government also issue, annually, very elaborate Tide Tables 
for the Indian ports and Hong Kong, giving the times and heights of both 
high and low water. 

By the aid of these special Tide Tables and the given differences, or 
through the difference of the establishments of two ports, the time of high 
water (H.W.) and the height of high water on any given day may be found, 
as will be seen in the sequel. 

Those who wish to know more about the tides should consult any of 
the following works :—Professor Haughton’s “ Manual of Tides and Tidal 
Currents’; ‘An Elementary Treatise on the Tides,” by James Pearson, 
M.A., F.R.A.S.; or the Article on Tides by Professor G. H. Darwin, in the 
new edition of the Admiralty Manual of Scientific Enquiry; Captain 
Ruthven, and others. 


Time of High Water by Admiralty Tide Tables 

A port other than the standard one being given, to find the a.m. and 
p.m. times of high water on a certain day, proceed as follows : 

Tur to the Admiralty Tide Tables; seek for the given port, take out 
the time difference, and note its sign ( + or —) as well as the standard 
port of reference; turn to the given month, seek out the standard port, and 
for the given day will be seen the morning and afternoon times of high 
water at that port. If a blank or ( — ) occurs in either column it indicates 
no high water, and consequently there is but one high water on that day. 

At all ports there is always one high water every day, and since the 
greatest tidal difference never exceeds 8 hours, it follows that if a tidal differ- 
ence be added to the morning time of high water for any day at the port of 
reference, the resulting time must remain in that day. Or again, if the tidal 
difference be subtracted from the afternoon time of high water for any day 
at the port of reference, the resulting time must still be in that day. And 
if the port of reference has only one time of high water on any day, this 
must be within one hour of noon, hence in this case also, whether the tidal 
difference be added or subtracted, the resulting time must be in the day used. 
Therefore one time of high water on a certain day can always be found by the 

following rule. 

When the time difference is +, that is, additive to the tidal hours at the 
port of reference, write down the morning time at the port of reference on 
the given day, and add the difference. If the sum is less than 12 hours 
the resulting time is a.m., but if the sum exceeds 12 hours, reject 12 hours 
and call the remainder p.m. 
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When the difference is —, that is, subtractive from the tidal hours at the 
port of reference, write down the afternoon time at the port of reference on the 
given day and subiract the difference, borrowing 12 hours if necessary. If 
12 hours are borrowed, the resulting time is a.m., if not, then it is p.m. 

When there is only one time in the tables at the port of reference on the 
given day, write that time down and add or subtract the difference according 
to its sign, rejecting or borrowing 12 hours as necessary. If the operation 
is performed without rejecting or borrowing 12 hours the time keeps its 
name ; but if 12 hours are rejected or borrowed the time changes its 
name. 


To find the Time of the other Tide (if any) 


When the time found as above is a.m. take from the tables the time 
following the one already used and apply the difference, rejecting or borrowing 
Iz hours as necessary. If the operation is performed without rejecting or 
borrowing 12 hours the time keeps its name; but if 12 hours are rejected 
or borrowed the time changes its name. 

When the time first found is p.m., take from the tables the time pre- 
ceding the one already used and apply the difference, rejecting or borrowing 
1z hours as necessary. If the operation is performed without rejecting or 
borrowing 12 hours, the time keeps its name; but if 12 hours are rejected 
or borrowed, the time changes its name. 

lf the time now found has a different name to the first found time, it is 
the time required. But if it has the same name as the first found time, 
reject it, for it shows that there is no second time of high water on the 
given day. 

The following examples illustrate the use of the “‘ Admiralty Tide 
Tables ’— 


Jan. 8th, 1913. Find the time of high water at St. Malo, a.m. and p.m. 





H. M. H. M. 
St. Helier, Jersey, Jan. 8th .... 6 53 am. 7 Io p.m. 
Difference for St. Malo......... — 0 25 — 0 25 
H.W. at St. Malo ............ 6 28 a.m. 6 45 p.m. 


Jan. 29th, 1913. Find the time of high water at Dartmouth, a.m. and p.m. 





Devonport, Jan. 29th ......... Io 23 a.m. IO 45 p.m. 
Difference for Dartmouth ...... + 0 33 + 0 33 
H.W. at Dartmouth .......... Io 56 a.m. Ir 18 p.m. 


Jan. 2oth, 1913. Find the time of high water at Gravesend, a.m. and p.m. 


London Bridge, Jan. 20th ..... n or a.m. e 9 a.m, 2xst 
Difference for Gravesend ....... —053 —053 ay 








H.W. at Gravesend............ IO 51 a.m. II 26 p.m. zoth 
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Jan. 25th, 1913. Find the time of high water at Picton, a.m. and p.m. 


H. M. 
Father Point, Jan. 25th ....... -— 4 46 p.m. 
Difference for Picton .......... — 4 29 
no a.m, Oo 7 p.m. 


Jan. 18th, 1913. Find the time of low water at Liverpool, a.m. and p.m. 


H. OM. H. M. 
Jans: 8th oi ciicegsiece weccdssaalec o 46 a.m. I 26 p.m. 


Jan. 7th, 1913. Find the time of high water at Annan Fort, a.m. and p.m. 


H. M. 
Liverpool, Jan. 7th .......... Ir 14 a.m. 
Difference ...........--..00- + 0 42 
Ir 56 a.m. no p.m. 


Find the a.m. and p.m. tides at the following places. Use 1915 Tide Tables.. 


Jan. rst St. Malo. Jan. 6th Chatham. Jan. 22nd Heligoland. 
» 2nd Fowey. » 7th Margate. » 4th Antwerp. 
» 3rd Selsea Bill. » 8th Harwich. » 9th Brisbane. 
» 4th Hastings. » 9th Bridlington. 


Answers to Tides 


H. M. H. M. 
St. Malo 5 50 a.m. 6 ro p.m. 
Fowey 52 Sis 6 9 » 
Selsea Bill °o 33 ~«( °o 53) » 
Hastings o 71° +, 0 37) 
Chatham gz. 35 9 50 , 
Margate 3 3 «8 3°28 |; 
Harwich 3°47 » 4 15 w» 
Bridlington 9 35 w» to: .‘o: 
Heligoland 4°18: Aa 44 +s» 
Antwerp 8 33 » 8 50 ,, 
Brisbane 2 52 » 2 54 » 


Reduction to Soundings 


The soundings marked in small figures on the chart only agree with 
the lead line when a cast is taken at low water ordinary spring tides. At 
any other time the lead line will measure more or less water than is shown 
on the chart—mostly more. Less water can be shown only by a cast taken 
at dead low water extraordinary spring tides. It follows that at most times 
a correction is necessary, especially where the range of the tide is large. 

The correction is called the Reduction to Soundings. 

The following figure will give an idea of what is required. 

M.T.L. is the mean level of the sea, and the line worked from; the tide 
(generally speaking) rises three hours from this line and falls three hours 
below it. 
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Taking (5), suppose the range is 40 feet, that will be 20 fect above 
M.T.L. and 20 feet below M.T.L. The Table B grades this 20 feet propor- 
tionally to the rush of tide; () represents an ordinary spring tide, there- 
fore dead low water and the chart soundings represented by the datum ~ 
line agree. This datum line is generally the level of the sea at mean low 
water springs (M.L.W.S.) 


(a) represents an extraordinarily high tide which rises above and falls 
below the ordinary, therefore at dead low water a vessel would be at L.W. 
some inches below the chart datum line, and to bring the data to chart 
level that quantity should be added to the depth found by lead line. 


(c) represents a neap tide which neither rises as high nor falls as low as 
an ordinary tide. 


/Q)} 






‘w_Qatum of Chart 


If S B is the sea bottom then the vertical distance between S B and 
datum line of the chart will be the soundings as recorded on the chart. 

A vessel tide borne at H.W.” (c) would have to subtract the value of a 

vertical line equal to the distance between H.W.” and chart datum to get 
the soundings as per chart. That is, a line is dropped from x to v; the 
corrected soundings would be xy — xw = wy, the soundings on the chart. 
: Excellent diagrams showing the height of the tide at any time for any 
place, constructed by Captain T. H. Tizard, R.N., C.B., F.R.S., are now 
inserted in the Admiralty Tide Tables and take the place of Table B because 
they can be used at sight for 5h. 6h. or 7h. tides. 

Table B is now obsolete, and the reduction to soundings is shown 
graphically by means of a diagram which is constructed from data obtained 
as follows— 

(N.B.—‘ Tidal Constants ” are now called « Tidal Differences.’’) 
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To find the Time of High Water 


At standard ports the times of high water are tabulated for every day in 
the Admiralty Tide Tables. In some cases the times of both high and low 
water are given. 

At ports which are not standard ports the time of high water is found by 
applying the time difference according to its sign to the time of high water 
at the standard port; the result will be the time of high water at the port 
required. 

If the time differences for both high and low water be given, these differ- 
ences must be applied to the times of high and low water at the standard 
port according to their signs, and the result will be the times of high and low 

€ water at the port required. It is necessary to notice whether a spring or 
neap difference is required. 


To find the Duration of the Tide 

lf the times of high and low water are given, take the difference between 
them and the result is the duration of the tide. 

At standard ports where only high waters are given, the time of rise and 
fall is tabulated at the foot of the table. If only high-water time differences 
are given, the times of rise and fall at the required port must, for the present, 
be assumed to be the same as at the standard port. 

If the cast were taken on a rising tide, take the difference between the time 
of preceding low water and the time of high water, the result will be the 
duration required ; but if the cast were taken on a falling tide, the difference 
between the time of preceding high water and the time of the following low 
water will be the duration required. 

If mean time at ship be given, it must be turned into standard time by 
applying the longitude in time to it in order to get standard time at ship. 


To find the Interval between Time of Cast and High Water. 

If the cast were taken before high water, subtract the time of cast from 
the time of high water, and the result will be the required interval before 
high water ; but if the cast were taken after high water, subtract the time of 
high water from the time of cast, and the result will be the required interval 
or time after high water. 


To find the Angle corresponding to the Time from High Water 


Multiply 180° by the time from high water and divide the result by the 
duration of rise or fall according as it is a rising or falling tide on which the 
casi was taken, and the result will be the required angle. 


To find the Mean Tide Level (M.T.L.) and Half Range of Tide 
when the Tide does not fall below the Datum Line 

If both high and low waters are given, take their difference, which will be * 
the range of that tide; divide the range by two and the result will be the 
half range, to which add the height at low water above the datum line and 
the result will be the mean tide level. Where both high and low waters are 
given the mean tide level must be found for every tide. 

At ports for which high and low water height differences are given, 
apply the high and low water differences to the height of high and low water 
at the standard port; then find the range and half range as above, and to 


ee 
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the half range add the height of low water above the datum tine, and the 
result is the M.T.L. 

At standard ports where oaly high water is given the M.T.L. is given at 
the foot of the page. 

At ports for which only high water height differences are given, apply 
“Half the Spring Difference”’ to the M.T.L. at the standard port, and the 
result is the M.T.L. at the required port; and in order to find the half 
range for the radius of the circle in the diagram, subtract the M.T.L. 
thus found from the height of high water, and the result is the half range 
required. 


When the Tide falls below the Datum Line 

Add together the height of high water and the distance the tide falls 
telow the datum line; this will give the range of the tide; divide by 2 and 
the result is half range; from the half range subtract the distance the 
tide falls below the datum line and the result is mean tide level. 

In other cases the quantity by which the half range exceeds the mean 
tide level is the distance the tide falls below the datum line. 

N.B.—When a tide falls below the datum line and the cast is taken at 
low water the distance the tide falls below the datum line is the correction 
to be added to the cast. 


To lay off the Angle corresponding to the Interval between the Cast and 
High Water 

Draw a line in a vertical direction as in the following diagrams, and by 
means of a protractor or Field’s parallel rulers lay off the angle above the 
M.T.L. if the time from high water is less than half the duration of the tide, 
but below M.T.L. if the time from high water is greater than half the 
duration of the tide. 

If the angle be go° the M.T.L. is the correction to be applied to the cast. 
The angle must always be laid off from the vertical line, never from the 
M.T.L. line ; if the angle exceed go°, subtract it from 180° and lay the result 
off from the vertical line below the M.T.L. line. 

If the candidate will study the following examples he will find no diffi- 
culty in solving any Reduction to Soundings. 

The diagrams can be drawn to any scale, and if ruled paper be used the 
distance between the lines can be used as feet, or half feet, as desired. 


ExamPLe I 
REDUCTION TO SOUNDINGS 
On Aug. 26th, 1915, at rh. 45m. a.m. standard time at ship, being off 
Barrow Docks. Required the correction to be applied to the depth obtained 
by the lead line before comparing it with the chart. 
H. M. 











H. M. 
H.W. L’pool rx 49 p.m. 25th LW. L’pool 6 46 a.m. 26th 
Constant —- 4 Constant + ‘Io 
H.W. Barrow Dock 2 45 L.W. Barrow Dock 6 56a.m. 
L.W. 3 Hk het ee Time of H.W. BarrowDock rr 45 p.m. 25th 
Duration of fall bs Time of cast x 45 a.m. 26th 


Time after HW. 2 0 
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Examepte I. 

15. Height of High Water this tide 

14 | 

134 

I2- 

Te 

toy) A? Correction = . oi 

24 ; 
wi ea. 23.5% 
> % i 
id 7! re ie 
a Gat. 4 ‘4 iS 2.55 
= 5? ; ‘a 0° i 
F sit at B20 55 
z 5 ev | 
< 4. \ J ae 19.5% 
ui + Y 
= ‘ad Ay po B18 53 
= 2- py Ji7 53 
2 w 5 
et B IG. 55 
20 M.T.L._ Mh. s3 
5 1- 14.5% 
a 
a 13. 53 
i 3+ / 12. 5é 

i 

24 / 5s 
tw 54 ; 10,58 
°o 
i 6-4 9.53 
5 8.54 
3 v4 53 
2 al. 7.3% 
fu 

9. 6.54 


: 5 55 

4 53 

3 $3 

2 53 

Se Low Water this tide i 


1 This is 1-90 feet below M.LW.S.and agrees with the Chart 0 5% 


Datum of Chart 
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ft. in. ft. in, 
Ht. of H.W.at L’pool 29 10 Ht. of L.W. at L’pool o 6 
H.W. spring constant + 2 L.W. spring constant + 5 
Ht. of H.W. Barrow Dock 30 0 Ht. of L.W. Barrow Dock o Ir 
Ht. of L.W. a - o Ir 
Range at Barrow Dock 29 1 To find the Angle. Data for diagram. 
: —a+—__ 180 Angle 50° 

Half-range _,, » 4 63 12 ft. in. 
Ht. of L.W. ,, ys iH, g 1 
Fr papbopor | Falhre 14 


Mean tide level 15 53 


To calculate the Correction 


Multiply the half range by the cosine of the angle from high or low water 
and the result is to be added to M.T.L. if time from high water is less than 
half duration of tide, and to be subtracted from M.T.I.. if greater than half 
duration. 


ft. . in. 
M.T.L. 15 5% Half range in inches 174°5 log. 2:241795 
+ 9 4 50° cos. 9:808067 
Correction by calculation 24 9% to subtract ft, in, in. =e 
” is diagram 24 9 ,, - 9 4 or rr2 log. 2049862 





Example IJ 


On 4th March, 1915, at th. 21m. a.m. standard time, being off Holyhead, 
took a cast of the lead. Required the correction to be applied to the cast 
before comparing it with the chart. 








HOM. r ft, in. 

Time of H.W. at Holyhead rr 39p.m.3rd Ht.ofH.W.abovedatum16 11 

Time of cast 1 2r a.m. 4th L.W. below ,, + 8 

Interval or time afterH.W. I 42 Range of tide 17. 7 
Half range 8 9} 

Distance of L.W. belowdatum — 8 





Mean tide level 8 1} 


To find the Angle To find Duration of Fall 
H. M, 
180° Time ofH.W. rx 39 p.m. 3rd 
I'7 Time of following L.W. 5 44 a.m. 4th 
6-1)306-0(50° Duration of fall 5 
395 
10 


Data for constructing Diagram— 


Angle = 50° ft. in, 
Half range = Radius reqd. = 8 
M.T.L. 8 
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PXAMePLe IL. 
3 : Height of High Waterthis tide 5 


Corectionto subtract = i107 
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To find the Correction by Calculation 
Half range in inches 105-5 log. 2-023252 
50° cos. 9808067 


in. Stee scott, 
67°81 log. 1831319 


ft in. ~ 
M.T.L. 8 1} The diagram shows that 67°87 in. are to be added 
+ 5 8 to the M.T.L. and it also shows that the correction 
Comection= 13. of is to be subtracted from the cast. 


ft. in. 
Correction by calculation 13. gt to subtract 
” » diagram 13 Io 


” » 


ExampLe [II 


On Sept. 11th, 1915, at rh. 4m. a.m. mean time at ship, being off Mary- 
port, took acast of the lead. Required the correction to be applied before 
comparing it with the chart. 


H. M. H. OM. 
H.W. at Liverpool 1x 59p.m.roth Meantimeatship,rrthr 4a.m. 
Constant + 5 Longitude in time + 14 


H.W. Maryport 4a.m.r11th Standard time, M’port xr 18 
Time of cast r 18a.m.xr1th 


IntervalortimeafterH.W. © 14 


- ft. in, 
Height of H.W. at Liverpool 30 0 


; . ft. in. Height of L.W. » AS 
Height of H.W. Liverpool 30 o 


Spring difference — 3 11 Range at 

















” 29 387, 
Hei f{H.W.M rt 26 Half range at + 14 gk 
oer MTL. “ae oF : Height of L.W. Ss + 5 
Half M rt M.T.L. 4: 5 2) 
range Marypo I2 10 Hall apting dif: Maryport ce. 





M.T.L. Maryport 13 3 


To find the Angle To find Duration of Fall 








180° d HOM. 
1-2 Time of H.W. Liverpool rz 59 p.m. roth 
6-97)216-0(3r° Time of L.W. ms 6 57am. 11th 
209'1 Duration of fall 6 58 , 
690 
607 . Data for constructing Diagram— 


Angle 31° 
ft. in. 
Half range = Radius 12 10 
MTL. 13 3 
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Examete Jl. 
Height of High Water this tide 


Correction=24' 2" #9 subtract 


Low Water this tide 


Datum of Chart 
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As there is no low water time difference given for Maryport, the duration 
of tide at Liverpool viz., 6h. 58m., is to be used. 


Correction by Calculation 


° ft. in. 
Half range in inches 154 log. 2-487521 M.T.L. 33 3 
31° cos. 9°931691 + ro rr6 
ae 6 log. 2-1r9212 Correction 24 2°6 to subtract 


Correction by diagram the same. 


The diagram shows that 131-6 inches are to be added to M.T.L. to find 
the correction, and it also shows that the correction is to be subtracted from 
the cast. 


Example IV 


On 31st Oct., 1915, at 5h. r4m. p.m., mean time at ship, being off Portree, 
find the correction to be applied to the lead line before comparing it with 
the depth on the chart. 

















H. OM. ft. in. 
M.T. ship 5 14 p.m. M.T.L. Thurso 6 7 
Long. in time -+ 25 to nearest minute Half spring diff. -+ to} 
Standard time at ship 5 39 p.m. : M.T.L. Portree 7 5% 
H. OM. fit. in. 

Time of H.W. Thurso 2 13 p.m. Height of H.W. Thurso 8 8 
Time difference — x 56 Neap difference + © 3 

Time of H.W. Portree 0 17 p.m. Height of H.W. Portree 9 IL 
Time of cast 5 39 p-m. M.T.L. Portree 7 5k 
Interval after H.W. 5 22 Half range, Portree 2 5% 


As there is no low water time difference, the duration of the tide is to be 
taken as being the same as at the standard port, in this case 6 hours. When 
the duration of the tide is 6 hours, divide the interval from H.W. by 2 and 
the result will be the required angle. 


Data for Diagram— 





HH, . 
Interval from H.W. 5 Be MTL _ a 
3 T.L. i 
2 Half range 2 54 
2)322 Angle 19° 
Required angle 161° (to be laid off from the vertical 
180 line below M.T.L.) 


Supplement “rg? 
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3 Examere IV. 10.5) 


Height of High Water this tide 


a 


7.5% 


j292 


Correction= 5! /"to subtract 


Low Water this tide 


TIDE GAUGE IN FEET ABOVE & BELOW MEAN TIDE LEVEL 
Oo 


4.54 


3.5% 


2,53 


1.5% 





0.58 


Datum of Chart 


a tp 

TO rr i ee 
w 
wn 
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To find the Correction by Calculation 


in. 
Half range 29-5 Log. 1-469822 
19° Cos. 9:975670 
27°89 inches Log. 1°445492 


As the interval between H.W. and time of cast is greater than half the 
duration of the tide, the quantity found by calculation is to be subtracted 
from M.T.L. to find the required correction. E 

MTL 7 5 
Amount tide has fallen below M.T.L. 2 4 
Correction 5 I to subtract. 


Examples for Practice 


zr. On Aug. 26th, 1915, at 5h. 32m. a.m., mean time at ship, being off 
Barrow Docks. Required the correction to be applied to the depth obtained 
by lead line before comparing it with the chart. 


A. M. 
Ans.— Duration of fall 7 II 
Time of cast after H.W. 6 0 
Angle 150° 
ft. in. 


Half range 14 6% 
MTL. 15 54 
Correction to subtract 2 104 


2. On April 14th, 1915, at 11h. 36m. p.m., standard time at ship, being 
off Thurso. Required the correction to be applied to the depth obtained 
by lead line before comparing it with the chart. 


H. M. 
Ans.— Duration of fall 6 o 
Time of cast after H.W. 3 0 
Angle go° ~ 
ft. in. 
Halfrange 6 5 
M.T.L. 6 
Correction 6 7 to subtract. 


3., On March 3rd, r915, at rh. 14m. p.m., M.T.G., being off Devonport. 
Required the correction to be applied to the depth obtained by lead line before 
comparing it with the chart. 


a. . 
Ans.— Duration of fall 6 14 
Time of cast Low water 
Angle 180° 


5 


py 


% 


ft. 

? Half range 8 
. MTL 37 8 
Correctiontoadd xr jy 
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A Line of Soundings 

The following method is much used at sea— 

Draw in pencil upon the chart a line from A to B upon which it is desired 
to keep the ship; this line will cover a line of soundings on the chart. 
Procure a long strip of paper an inch wide upon which the soundings are 
recorded to scale, using the graduated meridian for that purpose. 

The distance the ship has run between the casts with the reduced depth 
and nature of the bottom all being placed upon the strip of paper, a com- 
parison is made with the line upon the chart. If the vessel is on the line 
the soundings upon the paper will agree with the soundings upon the chart. 
If they do not the slip of paper should be moved up or down, backward or 
forward, until they do agree. For if the soundings are carefully taken and 
correctly reduced the line must be found on the chart. 

If it is desired to alter the course, place the paper upon a compass on the 
chart and give the slip of paper a half-turn equal to the angle of the new 
course. Done with care, soundings can be recorded continuously for long 
distances. 


The Lead 


There are two kinds of leads, the hand and the deep-sea lead. 

The hand lead is used in shallow waters, chiefly going in or out of port. 

The depth is obtained by actual measurement. 

The weight of the hand lead is from ro to r4 pounds ; it is bent on to 
a water-laid line 13 inch in circumference and is 25 fathoms in length. 

The lead line is marked as follows— 


At 2 fathoms Twostripsofleather At x3 fathoms Blue bunting 


53 gh Threc __,,: ” » IS» White ,, 
LESS sat White bunting » IF Red _,, 
jr Tae Red 3 1» 20 5 Two knots 
rr10° , Leather with hole in it 


There are nine marks and eleven deeps. 

The deep-sea lead used with a hemp line weighs from 28 to 30 pounds. 
The line is 100 fathoms long; it is marked the same as the hand lead up 
to 20 fathoms and has an additional knot for each ro fathoms, that is, three 
knots at 30 fathoms, four knots at 40 fathoms, etc., and every five 
fathoms is marked by a single knot. 


SOUNDING MACHINES 


The Sounding Machine invented by Sir William Thomson has been 
the type of other designs. Three hundred fathoms of thin pianoforte wire 
are wound round a drum, which has a V-shaped groove around its rim. 
When running out the drum runs freely round a spindle and is stopped 
by a frictional brake consisting of wooden chocks on each side. To the 
end of the wire is secured, by a hemp line, a specially constructed lead with 
a long iron shank weighing about 24 pounds. 

On the hemp line is lashed a brass guard tube in which is placed a glass 
tube 24 inches long; the tube is placed open end down inside the guard tube. 


Cnn a 
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The glass tube is coloured inside with chloride of silver, which makes the 
glass appear red. The salt water penetrating turns the cqlouring matter 
white. ; 

The tube is withdrawn after a cast, placed upon a graduated scale, and 
read off. 

The principle is an application of Boyle’s law of the compressibility of 
gases. 

The temperature remaining the same, the volume of a given quantity of 
gas is inversely as the pressure to which it is subjected. 


Thus, in a tube 24 inches long when it has descended— 


Io fathoms the compression =8-34 inches 


20 ” ” ” 500 » 
30 ” ” ” 3°71 ” 
40 ” » » 295 
79 ” ” ” 1-28 ”» 


These soundings are affected by the atmospheric pressure. The following 
corrections must be applied if the barometer is above 29-50— 


Barometer 29-75 add x fathom in 40 


” 30-00 ” ” a) 30 
” 30°50 ” ” 20 
” 31°00 ly os ” 15 


LOG-SHIP AND LOG-LINE, 


WITH THE 


LOG-GLASS AND PATENT LOG. 
THE LOG AND LOG-GLASS 


The common Loc consists of the LoG-suip and LOG-LINE. 

The Log-ship.—The log-ship is a quadranial-shaped piece of hard 
wood, about 5 or 6 inches radius, and a quarter of an inch thick; the 
circular part is loaded with lead 
to make it float perpendicularly, 
and just sufficient to immerse it. 

The outer extremity of the 
log-line terminates in two or three 
ends,—for as many holes as are in 
the flat of the log-ship,—and which, 
when fitted, forms a sling or 
bridle ; at the end of one part of the sling is a wooden peg, which is fitted into 
a socket seized on to the log-line at X, and draws upon being checked, after 
the operation of /teaving the log has been effected, and thus the log-ship is 
more easily hauled in: the other (or inner) end of the log-line is attached to 
a REEL, around which is wound 120 fathoms of line. 








_ The Log-line—The log-ship end of the line is marked off, to the length 
of 10 fathoms or more, according to the size of the ship, by a bit of white 
rag or bunting ; and this length is called stvay-line,—its use being to carry 
the log-ship out of the eddies of the ship’s wake before counting commences. 
The line from the stray part inwards is divided into equal lengths—called 
knots—by pieces of cord let into the strands of the log-line,-~each piece of 
cord carrying the requisite number of knots to distinguish it. The sub- 
divisions of a knot are called fathoms. Each knot is the representative of a 
nautical mile, and its length is proportionate to the seconds of the log-glass 
that is used when heaving the log. The log-line is subject to variation in 
length, due to wetting and strain. 


The hand Log-line is usually marked as follows; first half knot, onc 
end of leather ; first knot, 2 ends of leather; 14 knots, 3 ends of leather; 
2 knots a piece of cord with two knots; 2} knots a piece of cord with one 
knot; 3 knots a piece of cord with 3 knots, and so on, an additional knot 
for each knot, and a single knot at each half-knot, 


Heaving the Log.—When the log is hove, a seaman holds the reel by the 
two ends, another seaman takes the log-glass, and an officer of the watch 
asks, “ All clear ?’’ On receiving a reply, ‘ All clear,” he throws the log- 
ship well out to leeward from the lee quarter ; as soon as the whole of the 
stray line has gone, the officer calls ‘turn’; the seaman then turns the 
sand end of the glass uppermost ; the log-ship, being perpendicular in the 
water, and presenting a face toward the ship, by its resistance to the ship’s 
progress draws the marked part of the line off the reel ; when the sand has 
run out, the seaman calls “ stop” ; the officer at that instant clutches tight 


the line, and the number of knots ouch have passed out indicates how ma ny 
I 


a nc 
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nautical miles per hour the ship is moving through the water. Ina heavy 
sea the line requires to be paid out rapidly at the time the stern is rising, and 
slightly retarded as the stern is falling. In heaving the log, great care should 
be taken to veer out the line as fast as the log takes it ; for if the log be left 
to turn the reel itself, it will come home, and give an erroneous distance. 


The Log-glass.—The log-glasses, of the same shape as an hour-glass, 
are glasses filled with sand or metal filings, and run to seconds; the long 
glass runs out in 30 seconds, or in 28 seconds; and the short glass in half 
the time, viz., in 15 seconds, or in 14 seconds. When the ship’s rate is 
more than 5 knots, the short glass is used, and the number of knots shown 
by the log-line is doubled. 

As the glasses may be affected by variation in the temperature, and 
the sand certainly by damp weather, it is necessary to examine their 
accuracy, from time to time, by comparing them with a seconds’ watch ; 
they can be made true, by drying the sand, or changing its quantity, to do 
which it will be necessary to remove the cork at the stoppered end of the glass. 


The Nautical or Sea Mile——In Navigation, distance is invariably 
measured in Nautical Miles; and one such mile is considered to be the 
21600 part of the earth's circumference (360° x 60 = 21600). 

The geographical mile of the trigonometrical survey is 6087-23 feet, 
which corresponds to the admeasurement obtained from the daéa of Sir 
G. B. Airy, Bessel, and Col. A. R. Clarke, using the earth’s equatorial radius 
as the basis of computation ; whence we get respectively 6086°5 ft., 6086-5 
ft., and 6087-1 ft. ; and the geographical mile, as x’ (minute) of the Equator 
= 20291 yards = 1-1529 Eng. statute miles. 

The geographical mile is generally defined to be the length of a minute 
of arc of the earth’s cquator ; but the nautical or sea mile as defined by 
hydrographers is the length of a minute of arc of the meridian, and is 
different for every latitude. It is equal to a minute of arc of a circle whose 
radius is the radius of the curvature of the meridian at the latitude of the 
place. Thus—° 


Length of a nautical mile in lat. 0° = 6045:93 feet. 
” ” » 45° = 607632 ,, 
" ” ” * = 6107-98, 


And the length of a mean nautical or sea mile = 6076-91 feet, or 2025-63 
yards, or 1:1509 statute miles. This admeasurement agrees with those 
obtained from the data of Sir G. B. Airy, Bessel, and Col. A. R. Clarke, 
using the mean of the equatorial and polar radii of the earth, and whence are 
obtained respectively 6076-3 ft., 6076-3 ft., and 6076-7 ft., as the length 
of a mile. * 

The Admiralty knot, however, is = 6080 feet, or 20263 yards ; and this 
is the admeasurement usually adopted for the nautical or sea mile. 


Length of a Knot—Coming to the length of a knot on the log-line, you 
can at once understand that the length betwecn two adjacent knots should be 
the same part of a nautical mile, that the seconds of the glass ave of an hour. 

Before, however, commencing to determine this length, you must, in the 
first place, know that it is safest to have the reckoning ahead of the ship (to 
apprise the seaman the sooner to look out when approaching the land), an 
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allowance in the length of the knot is made such that it shall obviate any 
causes of error arising when heaving the log ; hence, for practical purposes 
at sea, the length of the nautical mile is often taken to be 6,000 feet. Then, 
on this rough basis, for the 30-second glass we readily get the length of the 
knot ; 30 seconds, or half a minute, is the 120th part of an hour, and 6,000 
divided by 120 gives 50 feet, which is the length generally taken ; and it 
must be clear to you that if the rzoth part of a mile (as measured on the 
log-line) runs out in the rzoth part of an hour, the ship would be dragging 
along at the rate of x mile per hour; on thesame basis, if eight 120ths passed 
out, she would be sailing at the rate of 8 miles an hour. But you must 
not assume that this is more than an approximation. 


RuLeE.—For accuracy a method of computation must be adopted equally 
applicable and simple for all glasses. Now there are 3,600 seconds in an 
hour, and 6,080 feet in a nautical mile, hence— 

8. ft. ft, 
Example—3600 : : : 6080 : 50-666 = 50 ft. 8 in. nearly. 
and 3600 : 28 : : 6080 : 47-29 = 47 ft. 3, in. ,, 


Ss. 


These are the correct lengths for the 30 sec., and 28 sec., glasses; and the 
statement is the same for any other glass, whatever it runs to. 


Roucu RULe.—Throwing away the odd 8o feet in the nautical mile, we 
have 6,000 feet ; and since the ratio of 3,600 to 6,000 is as 6 to I0, or as 
3 to 5, hence the rule; affix a cipher to the seconds run by the glass, and 
divide by 6, for the length of a knot in feet. Or, multiply the seconds run 
by the glass by 5 and divide the product by 3. 


Example.—Suppose, a 28-sec. glass, find the length of the knot. 


6)280 Or, 28 
46°66 = 463 feet. 5 
3)140 

46-66 feet. 


It is well, however, always to be accurate in your work: therefore, the 
rate of the glasses should often be examined by the aid of the chronometer, 
and the length of the knots measured. It is no uncommon thing to mark 
the length of the knot by two copper nails driven into the deck, at the proper 
distance apart ; so this measure is always at hand. 

The subdivisions of the knot, already referred to, and erroneously called 
fathoms (8 to a knot), are really nautical furlongs, after the same manner 
as 8 statute furlongs make a statute mile. The division into tenths is 
preferable. 

Always bear in mind that the value of the operation of heaving the log 
depends conjointly on the accuracy of the instruments and the care bestowed 
in using them. 

Note.—The log-line no less than the glass varies in its indications. 
You may consider that—one being correct, and the other faulty— 


For error of seconds’ glass—Glass too short gives distance too short 3 
Glass too long gives distance too long. 

For error on log-line—Knot too short gives distance too long ; 

Knot too long gives distance too short. 
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lf BOTH are fauliy :—Multiply faulty length of knot by erroneous dis- 
tance, and divide the product by faulty time that the glass runs; three- 
fifths of the result gives the érue distance. 


The following rules for correcting the ship’s run, on account of the 
errors in the log-line or half-minute glass, are given on a supposition that 
the knot ought to measure 50 feet, and the glass to run 30 seconds. 


It would, of course, be much simpier to find the length of the knot for 
the actual number of seconds run by the glass. 


I. When the Log-line ts truly divided, and the Glass faulty 


RULE.—Multiply the distance given by the log by 30; divide the product 
by the seconds run by the glass, and the quotient will be the true distance. 


Example 1.—If a ship sails 8 Example 2.—Suppose ihe dis- 
knots by the log, while the glass is | tance sailed by the log be 75 miles, 
running out, which when measured | and the glass runs out in 27 seconds, 
is found to run 34 seconds, what is | what is the true distance run ? 
her true rate of sailing ? 

Distance by log 75 miles. 
30 


27)2250(83-3. true distance 


Distance by log 8 knots. 216_ sailed. 
30 go 
34)240(7 knots. 81 
eae 90 
2 8r 
' 6, etc. 


II. When the Glass ts true, and the Log-line faulty 


RuLe.—Multiply the distance sailed by twice the measured length of a 
knot ; then point off two figures to the right, and the remainder wil be 
the true distance. 


Example 1.—A ship sails 9 knots 
in half a minute, by a log measuring 
52 feet; required the true rate of 


__ Example 2.—If a ship sails 195 
miles by a log which measures 
48 feet, what is her true distance 











sailing. | run ? 

' Distance by log..... I95 miles, 
Distance by log........ 9 knots. | Twice the length of a knot , 

Twice thelengthofaknot 104 { a eos ge 

— 1170 

Tre rate ....00ceee. 9°36 1755 
knots 4 tenths nearly. F 

org 4 y True distance ........ 187-20 mules. 
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III. When the Glass and Log-line are both faulty 


RULE.—Multiply the distance sailed by the log, by six times the 
measured length of a knot, and divide the product by the seconds run by 
the glass ; the quotient, pointing off one figure to the right, will be the 


true distance. 


Example r.—If a ship runs 5 
knots of a log-line of 45 feet toa knot, 
while a glass of 25 seconds is running 
out, what is her true rate of sailing ? 





Distance run by log .. 5 
6 times the length of a 
Enot.. 3.0 se neds 45 X 6 = 270 
Seconds run by glass 25)135°0 
True rate of sailing 54 


or 5 knots 4 tenths. 


Example 2.—Suppose the dis- 
tance sailed by the log be 150 miles, 
the measured length of a knot being 
51 feet, and the glass running 28 
seconds ; required the true distance 
run. 








Distance by log.... 150 miles. 
6 times length of a 
knot ........ 306 
28)4590°0 
True distance run 163-9 miles. 


IV. To find the Length of a Knot corresponding to a Glass running any 
given Number of Seconds 


_ Rure.—Add a cipher to the number of seconds run by the glass, and 
divide this by 6; the quotient will be the proportional length of a knot 


in feet. 


Example 1.—What ought to be 
the length of a knot when the glass 
runs 33 seconds ? 


Example 2—Required the 
length of a knot corresponding to a 
glass that runs 28 seconds. 


6)280 
46°67 or 46 feet 8 in. 


6)330 
55 feet. 


The Ground Log.—An adaptation of the common log is used in shoal 
water when the ship is drifting in a tideway, or amidst currents, with no land 
visible, or no distant object is seen whereby to fix the position. A lead, of 
4 or 5 Ibs., is made fast to a log-line and then cast overboard ; thus the lead 
rests on the bottom, and the rate and drift are indicated, irrespective of 
current, and can be noted as usual ; especially will this log show the drift of 


the current as it is hauled in. 


The Dutchman’s Log is a very old contrivance, and perhaps not the 
least accurate. Ona ship’s rail mark off a given distance. When about 
to take the rate, an observer must be stationed at each extremity of the 
distance. A bottle or log of wood is thrown overboard, from the forward 
station, and forward of the direction in which the ship is progressing ; as 
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the log passes the forward station the timeis noted, and similarly noted by 

the aft observer as it passes the aft station. Thus there is a distance, andan 

interval of time; divide the distance by the number of seconds of interval, 

ene multiply the quotient by -6; or if you wish to be more accurate multiply 
y "59. 


Example.—Suppose, distance 190 feet, and interval of passage 15 
seconds, then—~ 


199 x -6 = 7-6 Or, 429 X -59 = 7°5 miles, rate per hour. 


Various logs have been devised at different times—for instance, screw 
logs, pressure logs. and electric logs. Few successful. The log best known 
is that originally proposed by Massey. 


Pateni Log.—In days gone by there were no other mode of finding the 
ship’s rate of progress through the water except by the use of the log and 
seconds’ glass, but the PATENT LOG has now, to a certain extent, superseded 
the old log-ship, especially in the case of steamers. This instrument, con- 
sisting of a rotator and register is kept towing astern with sufficient length of 
tow-line to carry it out of the immediate wake of the ship, and then the 
revolutions of the rotator indicate on the register the distance run, which 
can be ascertained from time to time by hauling it in. The mechanism of 
the patent log is the same in principle as that of the screw propeller ; the 
rotator, of three or four flanges (B), revolves more or less rapidly according to 





the rate at which it is drawn through the water, and, by revolving, sets in 
motion a system of wheel-work which turns the hands of three indices on the 
register (C). The distance run, according to the number of revolutions of 
the rotator, is registered first in } miles, then up to xo miles, and lastly up to 
100 miles. 

It is needless to dwell on the patent log, as there are many different kinds 
by different makers, and “ descriptions for use’’ accompany all of them. 
Up to a recent date it has been necessary to haul in the log to ascertain by 
the register the distance run ; but the latest improvement in the mechanism 
is the arrangement by which the rotator alone tows, and the register is 
connected to it on board, so that without any hauling in the distance run can 
be known at any moment. The inakers are numerous, and the logs of each 
have specialities of their own—some shipmasters preferring one maker’s 
instrument, and others another maker’s. 
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METEOROLOGY 


Meteorology is now understood to be the science which deals with the 
conditions and changes in the atmosphere, That is weather science. 

To the sailor the weather is an all-important subject. Strong winds 
make high seas, and flat calms are often associated with dense fogs. The 
weather is contained in the atmosphere which, resting upon the earth, ex- 
tends upwards to about 200 miles, becoming more and more rarefied with 
distance from the earth. [ter 

The average weight of a column of atmosphere is about 15 pounds to the 
square inch at the sea level. The human body supports a pressure of 
about 14 tons. The atmosphere is sometimes compared to the earth as the 
skin to an orange, but it is more true to scale if we say that it is comparable 
to the tissue paper in which an orange is wrapped. 

The atmosphere is composed in volume of 77 parts of nitrogen, 21 parts 
of oxygen. There are small quantities of carbonic acid gas, argon, and other 
gases, There is also much water vapour in suspension; the density is 
measured by the barometer (see ‘‘ Barometer ’’). 

The average height at the sea level is 29-92 inches, or 760 centimetres. 


At the height of 18,000 feet the pressure is 4 


” » 36,000 - ey 2 
» » 60,000 ts a ts 


Balloons having meteorographs (a combination of barometer and 
thermometer) attached have recorded heights of 79,200 feet (15 miles). 
Modern meteorologists divided the atmosphere into troposphere and strato- 
sphere, an inner and outer layer. The inner, the troposphere, extends 
from sea level to about five miles high at the poles and seven at the equator, 
varying also with the height of the barometer. In the inner layer of atmo- 
sphere, the troposphere, the temperature of the air varies, uniformly decreas- 
ing one degree for every 300 feet of altitude. 

The peculiarity of the outer layer, the stratosphere, is that the tempera- 
ture does not vary uniformly, but is more or less constant over the British 
Isles at a height of from five to seven miles, the temperature being from 
— 20° F. to — 80° F. The temperature is highest at the poles, lowest in 
the neighbourhood of the equator. In Central Africa (Victoria Nyanza) 
the temperature of the stratosphere is about — 119° F, 

The study of the upper air is still in its earliest stages. It is not yet 
possible to speak definitely of what takes place there. There is, however, a 
peculiar co-relation in the troposphere between geographical positions 
widely apart. One of the first to attract attention was the atmospheric 
oscillation between Iceland and the Azores. It has been found that in a 
given month, if the pressure at Iceland was above the average, at the 
Azores it would be below the average, and vice versd. Again, there is a 
high pressure system over Siberia and the low pressure over the North 


Pacific; also there seems to be a perorkey see-saw between India and 
r . 
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the Argentine. We look forward to the time when, with sufficient observa- 
tion, a Jaw can be established. 

An instance is here given as to how these oppositions and variations are 
of interest to the navigator.. In a paper in the Meteorologisch Zeitschrift, 
W. Mienardus suggests tentatively that the following phenomena are closely 
related— ; 

A.—(z) Weak Atlantic circulation during the period from August to 
February, when the pressure difference between Iceland and the Azores is 
less than the normal, the consequence of which would mean less strong and 
less persistent south-westerly winds over that region than is normally the case. 

(2) Low water temperatures on the coasts of Europe from November 
to April. 

(3) Low air temperature over Central Europe from February to April. 

(4) Little ice off Newfoundland in spring. 

(5) Much ice off Iceland in the spring. 

B.—(x) Strong Atlantic circulation from August to February. Pressure 
difference pronounced, gradients steep; southerly winds strong and 
persistent. 

(2) High water temperature on the coast of Europe from November to 
April. 

(3) High air temperature in Central Europe from February to Apdl. 

(4) Much ice off Newfoundland in spring. 

(5) Little ice off Iceland in spring. 

The atmosphere maintains life upon the earth. It diffuses the light 
and heat of the sun and prevents too rapid radiation. It must be dense 
enough to store heat, but if it were too dense the sun could not penetrate it 
and reach the earth. If there is too little, as on mountain tops, there is 
little heat. We are accustomed to consider the cold of the poles and the 
heat of the equator as extreme, but the range of temperature is very limited 
compared with the difference between the heat of the sun, r10,000° F. and 
the absolute Zero — 459° 4 F. Life is only possible within a limited range of 
temperature. 

Air currents (winds) are caused by the disturbed atmosphere endeavour- 
ing to reach a common level, that is, obeying the universal law of gravita- 
tion. The disturbance is brought about chiefly by variation in temperature 
causing warm air to ascend and cold air to descend. There is a notable 
exception to this rule, when a downward rush of mountain air becomes com- 
pressed by increased pressure and gains heat in consequence, just as a 
bicycle pump gains heat as the air becomes compressed in the tyre. The 
Fohn wind of Alpine valleys is the most familiar case of descent. This is a 
strong wind which rushes down from the mountain-tops into the valleys. 
The wind is very warm and dry. Both are the effect of compression due to 
the greater pressure at the lower level. It has been found that the tem- 
perature increased 1° for every 180 feet of descent. A more notable case 
is due to the Chinook winds on the eastern slopes of the Rocky Mountains. 
The wind has been known to sweep down the mountain-side and in twelve 
minutes dissolve two and a half feet of snow, the temperature rising from 
— 13° F, to + 36° F. in seven minutes. 

The pu ae are an interesting variant of the mountain winds. To 
the eastward of Arequipa in Peru there is a barren tableland between two 

great ranges of the Andes, called the Punos, which for four months of the 
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year is swept by dry, cold winds. These winds cross the lofty range of the 
Cordilleras, where they are intensely cooled ; they then descend and become 
a little warmer but intensely dry. Prescott states in his ‘‘ Conquest of Peru ”’ 
that it was in this district the ancient inhabitants buried their dead. Bodies 
of animals exposed to the air soon turn into mummies. 

The upward movement of air is not exceptional. A gradually inclined 
rise will cause condensation, that is, rain; a rapid upward rush, a cloud- 
burst ; an explosive uprush causes hail. The amount of water vapour in the 
atmosphere may vary from time to time, but for every temperature there is 
an amount which cannot be exceeded. 

At a temperature of 60° there may be as much as 5°8 grains of water 
to a cubic foot of air, at 4o° there will be half that, 2-9 grains. If air ata 
temperature of 60° at the earth’s surface ascends until the temperature is 40°, 
2-9 grains of water is condensed. 

It has been found that drops -2 inch in diameter fall at the rate of 25 
feet per second ; larger drops would fall faster but they cannot hold together, 
they break into smaller drops. If the upward rush of air is more than 25 
feet per second the moisture is held suspended in the air, to fall ultimately as 
rain when the conditions are favourable. If the rain-drops increase in size in 
saturated air until there is a great accumulation and the ascending motion 
is checked, the suspended vapour falls through the force of gravitation in such 
quantities as to be called a cloud-burst. 

If the uprush is very rapid the consequent cooling may be so great that the 
rain-drops are frozen, thus hailstones are formed. Some hailstones show con- 
centric markings, caused, it is supposed, by the hailstones falling because of 
gravitation, then being carried upward again by an explosive uprush of air, 

that is, tossed up and down. Large hailstones are seldom seen in the British 
Isles, but on the continent of Europe and the other continents great hail- 
stones do much damage, and a large business is done in hailstone insurance. 

The ordinary heating and cooling of the air is responsible for two main 
movements, an upward movement 
called convection and a horizontal 
movement, translation, and wind, 
as we feel it, is a resultant of these 
components. Asaconsequence great 





masses of atmosphere move from (¥“~\ 74 "S4AN NAN +4 N 
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place to place in great ovals, such as 
air expanding and rising about the 
equator and passing towards thepole, 
and to compensate for the loss of SO ee eRe j 
balance the air at alowerlevel passes YG Ve Se ae 
from the poles to the equator, form- Oo Saegl tant ema apie ess 
ing in a remarkable manner such ae a ee 
air currents as are called Trade aX. Paps: 
Winds, The laws that govern the < 
air currents of our planet are not yet 
thoroughly understood ; at present : 
they appear very confused and complex. In a general way they are supposed 
to follow something of the following order. 

A neutral rainy calm belt about the Equator, then N.E. and S.E. trade 
winds moving to the N. and S. with the sun within the tropics, then a 
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variable zone extending between the trade winds, and the strong westerly 
winds peculiar to the forties in both hemispheres, but because of the absence 
of land more pronounced and constant in the Southern Hemisphere. 

To the north in the Northern Hemisphere and to the south in the 
Southern Hemisphere there is an area of low pressure towards which the 
air currents flow from both north and south, causing variable winds. 
Within the Arctic and Antarctic circles easterly winds are said to prevail. 

Because of hot and cold currents of water, presence or absence of land, 
mountain, and desert plain, conditions will alter as and where the different 
conditions exist, but in a general way the foregoing gives a fair outline of 
the great air movement. In detail, it is found that outside the great polar- 
equator current the winds are inclined to flow round centres of low and 
high pressure, forming what is called cyclonic and anticyclonic disturbances. 
The circular movement of the air is best studied from what are called 
Synoptic Charts (synoptic meaning seen at the same time). A number of 
barometric readings covering as large an area as possible are corrected to 
one level and one temperature, and then plotted ona chart. Places having 
the same readings are connected up by a traced line and are called isobars. 
Very frequently these lines so form that they make circles or ovals; the 
lowest reading will have the smallest circle, the highest reading the greatest 
circle. The strength of the wind may be estimated by the distance the 
isobars are apart—that is, the closer the 
isobars are the steeper the gradient. By 
gradient is meant the perpendicular distance, 
asAB. The difference between A B is divided 
by the difference between the readings; the 
result is the gradient, which will be inversely 
proportional to the perpendicular distance 
between the isobars; it follows that if the 
distance between the isobars on one chart 
is half what it ison another the wind velocity 
of the closer lines should be twice that of 
the other. Theoretically, the wind should 
follow the circles or isobars and probably does at from half a mile to a mile 
above the surface of the earth, but at the surface the wind is always inclined 
towards the centre of low pressure, as indicated by the arrows. 

The statement of the relation between the direction of the wind and the 
barometric pressure is known as Buys Ballot’s law. 

In the Northern Hemisphere stand with your back to the wind and the 
region of lowest pressure will be on your left-hand side and slightly in 
front of you; in the Southern Hemisphere the reverse. Sailors have 
generally discussed this rule as facing the wind, 
reversing the rule. Anti-cyclones are the reverse 
of cyclones and are typical of fine weather. The 
highest reading is to be found at the centre; the 
wind revolves in the direction of the hands of a 
clock in the Northern Hemisphere and in the other 
direction in the Southern Hemisphere. It will 
be seen that the isobars are closer at the circum- 
ference than at the centre, and the winds increase in force proportionately. 
The paths followed by the centres of cyclones in the epperte zores ae 
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not constant, but the general movement is toward the east. Motion from 
east to west is not unknown, but is very rarely observed. They move from 
20 to 30 miles per hour, but are sometimes almost stationary. The erratic 
path of these storms has rendered the approach of storms cabled from 
America, or reported by wireless from ships, of little practical use. More 
knowledge is required before such reports can be used effectually. 

TropicaL CycLonEes.—The cyclones above described are those of the 
temperate regions experienced chiefly between the parallels of 40° and 50°. 
The tropical cyclone is both more definite in form and constant in its pro- 
gress, and to sucha degree that certain laws called the ‘‘ Law of Storms’ have 
been compiled for the use of seamen, and which, reduced to a minimum, are 
published in all the Notices to Mariners published by the Hydrographic Office. 

The cyclones discussed above are the usual type of disturbed weather 
where the barometer fluctuates irregularly and considerably. 

Within the tropics the barometer fluctuates regularly and slightly day 
after day, the highest reading being obtained between 9 and Io a.m. and 
p.m., and the lowest reading between 3 and 4a.m.and p.m. Total fluctua- 
tion 0-413. The barograph shows a very constant zig-zag after this manner 


WAAAY Pat the amount of the rise and fall being about -07 of an 
inch. If this ‘ diurnal range,’ as it is called, is a regularly recurring 
phenomenon, it follows that a suspension or cessation of its regularity must 
indicate an interference with natural law, and trouble must follow ; there- 
fore it is the first indication of a ‘‘ change’ for the worst and is preceded 
by the barometer xof rising between 4 and 10, followed by a steady and 
rapid fall. 

Plotted on a chart the isobars would be nearly circular and very close 
together, showing exceedingly steep gradients. The causes that gencrate 
these tropical storms are yet under discussion. It is found that they, like 
other cyclones, revolve against the hands of a clock in the Northern Hemi- 
sphere and with the hands of a clock in the Southern Hemisphere. This is 
supposed to be caused by the earth’s rotation, a body of air travelling more 
rapidly on the equatorial side of the storm than on the polar side, which 
must give the air a twist and compel it to move as described. The storm 
has also the movement of translation from east towards west; in this 
particular it is different from the temperate zone cyclone. This is brought 
about by the intensity of the circular movement giving the storm a gyroscopic 
action, thus forcing it to remain in position while the earth turns on; it 
then follows the line of least resistance, trends polarwise, then expanding 
itself, quickly loses its gyroscopic action and gradually becomes incorpor- 
ated with the temperate zone system or is lost. The cyclones generally 
form on the equatorial border line of the trade winds, follow it along, and 
break through where the trades are weakest. It was shown by Buys 

Ballot’s law that the wind does not follow the isobar circle, but inclines 


29-4 
towards the lower pressure (the centre) thus Sas > therefore 


the circle is really a spiral trending inwards. Ifa vessel were to run with 
square yards she would not make circles, but would (following the arrow) 
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gradually work her way towards the centre. It is always the object of 
the seaman to avoid the centre. 

The line followed by the centre of the storm is called the line of pro- 
gression, and it therefore follows that one-half of the storm-field must lie 
upon the right of this line and the other upon the left. This progression 
causes the wind on the right-hand side to shift right-handedly in both 





hemispheres and on the left-hand side to shift left-handedly in both hemi- 

spheres. In the Northern Hemisphere the right side of the line of progres- 

sion is the most dangerous semicircle and in the Southern Hemisphere the 

left-hand semicircle ; this is for two reasons: first because the winds blow 

towards the line of progression (therefore the centre) and also the course of 
W and N 

the storm moving or according to hemisphere compresses the air in 
W and S 

the forward quadrant marked D, thus intensifying its action. 

The opposite side is not so dangerous, since the wind does not blow 
towards the line of progression but away from it, and the air has room for 
expansion. If the storm remained stationary—that is, if it had no move- 
ment of translation—the wind would continue to blow from the same 
direction, no matter what part of the storm-field the vessel was in; this 
also occurs when the vessel is on the line of progression in front of the storm. 
A reference to the diagram will show clearly what should be done in the three 
possible cases — 

(a) When in the most dangerous semicircle. 

(5) When in the least dangerous semicircle. 

(c) When on the line of progression. 

The object is to get away from thecentre. It has been shown that if a vessel 
took the wind aft she would pass from one isobar to the other until she: 
reached the centre or lowest depression. 

(a) It follows (in the Northern Hemisphere) that if the wind was brought 
on to the starboard quarter the vessel would sail on an isobar. This would 
be of no advantage, therefore the vessel must be brought as close to the 
wind as possible; that is, in a sailing vessel, on the starboard tack, in a 
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steam vessel with the wind a little on the starboard bow. By so doing, 
if the vessel makes any headway she increases her distance from the centre ; 
she also follows the wind movement to the right and heads the sea, and the 
storm moving along the line of progression increases the distance between 
the vessel and the centre of the storm. 

(b) In the least dangerous semicircle there is liberty of action. The 
wind can be brought on to the starboard quarter or more abeam if possible, 
thus rapidly increasing the distance between the vessel and the storm- 
centre. 

(c) When on the line of progression the least dangerous side should 
be entered with all possible speed (see ‘‘Concise Rules for Revolving 
Storms’). 





E - 
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AB the most dangerous quadrant; ABC them g icirc!e ; 4 
dangerous semicircle; PAC the line of progression. Seat eee en 


Diagram showing the rotary motion of a cireu’ar storm in the Northern Hemisphere. 


If the storm remained stationary, as they sometimes do, there would 
be “no shift of wind,’ only an alteration in direction as the vessel sailed 
towards or from the centre of the storm. In sucha case in the Northern 
Hemisphere the ship should carry as much sail as she could with tlie 
wind as far as possible forward on the starboard side. In the Southern 
Hemisphere take the wind on the port side and make as much distance as 
possible. Stationary cyclones are most common in the Indian Ocean at the 
beginning and end of the season. 

The problem seems complicated, because in most cases the storm has a. 
progressive motion, and this causes the wind to shift as the storm passes over 


the vessel. 
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It should be understood that the rotary mction of the storm causes 
the wind to fly from the circumference in a constant direction, therefore 
the wind is always to be found from the same direction in the same part of 
the storm-field. 

Because of the progressive motion the seaman has no liberty of action 
when on the most dangerous side; he can only hang off to the best of his 
ability, whereas when on the least dangerous side he may run away from the 
storm-centre, that is, if there is sea room. 


GENERAL NOTICES 


Concise Rules for Revolving Storms 


x. Revolving storms are so named because the wind in these storms 
revolves round an area of low pressure situated in the centre. They have 
also local names, and are termed hurricanes in the West Indies and Sou.h 
Pacific Ocean, cyclones in the Indian Ocean, Bay of Bengal, and Arabian 
Sea, and typhoons in the China Sea. 

2. In these storms the wind always revolves in the same way in the 
same part of the world; that is, against the movement of the hands of a 
watch in the Northern Hemisphere, and with the hands of a watch in the 
Southern Hemisphere. The wind does not revolve in circles, but has a spiral 
movement, inwards towards the centre. 

3. Revolving storms have also, as a general rule, a progressive move- 
ment. Within the tropics they usually move from east to west at first, and 
then curve towards the pole of the hemisphere in which the storm is generated, 
and afterwards move from east to west. 

4. The track which the centre of the storm takes is called the path of the 
storm, and the portion of the storm-field on the right of the path is known 
as the right-hand semicircle, and that on the left as the left-hand semicircle 
of the storm. 

5. In the right-hand semicircle, if the observer be stationary, the wind 
will always shift to the right, and in the left-hand semicircle to the left. This 
law holds good in both hemispheres. 

6. If a vessel be so situated in a storm that by running before the wind 
the path of the advancing storm will be crossed, this is considered to be 
the dangerous semicircle. This will always be the right-hand semicircle in 
the Northern Hemisphere, and the left-hand in the Southern. 

7. These storms are most frequent in the Northern Hemisphere from 
July to November, and in the Southern Hemisphere frorm December to 
May. In the Bay of Bengal and Arabian Sea they, however, occur most 
ircquently about the time of the change of the monsoon. 

8. The area over which revolving storms have been known to extend 
varies in diameter from 20 miles to some hundreds of miles, and their rate 
of movement in the West Indies averages about 300 miles a day; in the 
China Sea, Bay of Bengal, and Arabian Sea about 200 miles a day, the 
ee stationary storms occurring at the beginning and end of the hurricane 

on. : 

7 Hue te ee approach of a revolving storm are: (i) an 
unsteady: » OF na cessation in the diurnal range which is 
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constant in settled weather ; (ii) a heavy swell not caused by the wind then 
blowing ; (iii) an ugly, threatening appearance of the sky. 


ro. In order to judge what is the best way to act if there is reason to 
believe a storm is approaching, the seaman requires to know (a) in which 
direction the centre of the storm is situated, (6)-in which semicircle the 
ship is situated. 


rr. As these points cannot be determined if a vessel is moving with 
any speed through the water, the first proceeding should be to stop “ heave 
to’”’ and, as it is always best to assume, at first, that the vessel may be in 
a dangerous semicircle, she should be hove to on the starboard tack in the 
Northern Hemisphere and on the port tack in the Southern. 


12. If an observer faces the wind the centre of the storm will be from 
rz to 8 points on his right hand in the Northern Hemisphere and on his 
left in the Southern Hemisphere, 12 points when the storm begins, about 10 
when the barometer has fallen 3; of an‘inch, and about 8 points when it 
has fallen 4; of an inch or upwards. 


13. If the wind shifts to the right the vessel is in the right-hand semi- 
circle ; if to the left in the left-hand semicircle ; and if the wind is steady 
in direction but increasing in force she is in the direct path of the 
storm. 


14. If the seaman has reason to think that his vessel is in the direct 
path of the storm he should run with the wind on the starboard quarter in the 
Northern Hemisphere and on the port quarter in the Southern Hemisphere, 
until the barometer has ceased falling ; this would take the vessel into the 
less dangerous sem’‘circle in both hemispheres. If she is in the right-hand 
semicircle in the Northern Hemisphere she should remain hove to on the 
starboard tack, but if in the Southern Hemisphere she should run with 
the wind on the port quarter; if she is in the left-hand semicircle in the 
Northern Hemisphere she should run with the wind on the starboard 
quarter, but if in the Southern Hemisphere remain hove to on the port 
tack. 


15. Should a vessel not have sufficient room to run when in the least 
dangerous semicircle, she should heave to on the port tack in the Northern 
and on the starboard tack in the Southern Hemisphere. 


16. If in a harbour or at anchor, the seaman should be just as 
careful in watching the shifting of the wind and ascertaining the direc- 
tion of the centre, as by doing so he will be able to tell on which side of 
the path of the storm he is situated, and be able to act according to 
circumstances. 

17. Should the centre of a storm pass over a vessel the wind, after 
blowing furiously in one direction, ceases for a time, and then blows with 
equal fury from the opposite direction. This makes a pyramidal sea, which 
is especially dangerous. 

18. Should the wind be west the vessel should remain hove to and the 
storm will pass away from her. 
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GENERAL NOTICES. 


SEA DISTURBANCE SCALE. 





Height 





of waves ie Height of 
4 Descrip- in ft. Condition of 2 Descrip- | wavesinft. | Condition of 
2 tion. from surface. 8 tion. from crest to surface. 
a erest to a trough. 
trough. 
o | Calm _ Glassy 5) | Rough 5 toro ft. | Much dis- 
| 6) to very turbed ; 
' deeply 
furrowed 
t | Smooth — Rippled 7\ ‘High to |1r to 15 ft. | Rollers 
2 8) | very 16 to 35 ft. with stee> 
' | fronts. 
4 1 
3 | Slight | Under} Rocks | 9| | Pheno- | 36 ft. and Precipi- 
; tomo- 5 it. buoys or 10; menal above tous: 
| dexate smal! boat towering. 


| Furrowed 


ee 





WIND FORCE. 


Equivalent 
Description of wind. Mode of estimating on board sailing ships. giiceity.of 
per hour. 


Figures 


Calm 

Light air } 
Light breeze 
Gentle breeze 


Sufficient wind for working ship 


Forces most advantageous for 
Moderate sailing with leading wind and 
Fresh breeze all sail drawing. 


Strong breeze Reduction of sail necessary with 
Moderate gale leading wind. 


Considerable reduction ot sail 
Fresh gale { Necessary even with wind 
Strong gale quartering. 


Whole gale Close reefed sail running or hove 
Storm to under storm sail. : 


Hurricane No sail can stand even running. 





OCEAN CURRENTS 


The ocean currents are caused by the turning of the earth on its axis, 
by the differences of temperature in different parts of the ocean, and the 
prevailing winds ; all of which cause a displacement of the water, while 
gravitation compels the restoration of equilibrium. There is therefore a 
close parallel between the air currents (wind) and the ocean currents, the 
more definite action of the water currents being due to its greater specific 
gravity. 

If the water were to flow continuously from one point, as the Gulf Stream, 
for instance, the gulf would run dry, but the outward flow is balanced by 
an inward flow from the equatorial current, which in turn is supplied by 
other currents from north and south, thus making a complete chain of 
currents the seas over. There is, in fact, two well defined systems of 
currents in the Atlantics. That to the north of the equator circulates with 
the hands of a watch, the centre of which is the Sargasso Sea. To the south 
of the equator the currents circulate against the hands of a watch; this 
circulation occurs in a lesser degree in the Pacific and Indian Oceans, thus 
forming the great ocean currents. 


Atlantic Ocean 


The equatorial current commences on the coast of Africa in the vicinity 
of Anno Bom Island between long. 2° and 8° E. and runs to the westward 
between 2° N. latitude and 10° S. latitude with an average velocity of 30 
miles, but occasionally attains a rate of 60 to 70 miles a day. . 

Off San Roque it splits, one part running to the southward forming the 
Brazil Current, which flows down the South American coast as far as Rio de 
la Plata at a distance of about 150 miles from the main; it then recurves to 
the eastward, forming the South Atlantic connecting current. The other part 
of the equatorial current flows along the north coast of South America with a 
velocity of nearly 100 miles a day and flows through the Caribbean Sea round 
the Gulf of Mexico and through the Straits of Florida, forming the com- 
mencement of the Gulf Stream. : 


The Gulf Stream 


After leaving the Strait of Florida, where it is 50 miles wide, it gradually 
expands, flows to the northward for about 300 miles, then turns towards the 
north-east, then more east across the Atlantic right on to Norway. Off 
Cape Hatteras the width is about 120 miles, and beyond Bermuda 250 miles 
wide. It attains its greatest velocity, 120 miles a day, iu the Strait of 
Florida, 


The Arctic Current 


This flows out of Davis Strait over and around the Bank of Newfound- 
land along the American coast inside the Gulf Stream. _A part enters tne 
Strait of Bellisle and fows down the western side of the island. Where the 
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Arctic current and the Gulf Stream join is well marked; the warm stream 
is blue and the cold stream green. The current has little strength. 

The north-east trade drift is due to a wind current and flows very slowly 
to the westward and southward before the wind and joins the equatorial 
current in the neighbourhood of the West Indies. 


The Rennel Current 


This is an easterly current from the Atlantic, perhaps a portion of the 
Gulf Stream arrested by the westerly winds. It strikes the land on the 
N.W. corner of Spain and divides, one part going south along the land and 
towards the Straits of Gibraltar; the other part sweeps round the Bay of 
Biscay, passing about 15 to 20 miles off Ushant, and flows to the N.W. 
across the mouth of the English Channel. 


The Mediterranean 


The current sets in from the Atlantic and is caused chiefly by the great 
evaporation which goes on in the Mediterranean ; generally the current sets 
east along the African coast, and to the west from the eastern end along the 
coast of Europe. 


The Guinea Current 


This current flows along the African coast to the eastward between Cape 
Roxo and the Bight of Biafra, extending southwards to about 3° of N. 
latitude. It extends to the westward as far as 23° W. longitude, extending 
more to the westward during the season, July to November. It attains a 
velocity of about 3 miles an hour off Cape Palmas and is warmer than the 
equatorial current. 


The Cape Horn Current 


This is an easterly current caused chiefly by prevailing winds. After 
passing Cape Horn it gravitates towards the north and in about 40° south 
latitude joins the South Atlantic connecting current. 

The circulation is completed by a small portion of the Agulhas current, 
which passes over the banks of that name, and branching off to the N.W. 
joins up with the South Atlantic Connecting Current. 


Indian Ocean 

The equatorial current is broken into by the prevailing monsoon and 
does not run so true as in the Atlantic. : 

The S.E. trade drift is a current caused by the wind and runs to the 
westward at the rate of 20 to 25 miles a day between the parallels of 8° S. and 
27°S. latitude. It separates on the east side of Rodriguez Island into two 
parts, one towards the north end of Madagascar at the rate of 40 to 60 
miles a day, and the other part sweeps to the south end at the rate of 50 miles 
a day. 

The northern branch again splits near Cape Delgado in latitude 11° S. 
on the African coast, one part running southward through the Mozambique 
Channel, in some places at the rate of 4 to 5 miles an hour 


In the latitude of Natal it again joins the stream that went south of 
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Madagascar and forms the Agulhas Current which flows south-west and west 
along the African coast at a distance varying from 5 to 120 miles, attaining 
a great velocity between Port Natal and the twenty-third meridian, making 
from 4 to 44 miles per hour, its greatest strength being near the bank. 
It then in the main follows the edge of the bank, is deflected to the south- 
ward and then to the eastward, flowing back into the Indian Ocean with 
diminished speed and a lower temperature as far as 40° S. latitude. As 
before stated, a small portion flows round the coast to the N.W. The 
part that turned north off Cape Delgado runs north and north-east at the 
rate of 2 to 4 miles per hour and during the S.W. monsoon to the eastward 
across the Arabian Sea. The current runs out of the Red Sea during the S.W. 
monsoon and into it during the N.E. monsoon. In the Gulf of Suez and 
the Red Sea generally the currents are caused by the prevailing winds. 


Pacific Ocean 


The equatorial current, as in the other oceans, rvns to the westward 
from near the American coast towards the east coast of Australia between 
the parallels of 5° N. and 20° S. latitude at a rate of half a mile to 3 miles 
per hour. It turns to the eastward when 40 to 60 miles from the Australian 
coast and helps to form the equatorial counter current which flows between 
the parallels of 5° and 8° north latitude. 

The N.E. trade drift runs to the westward between 9° and 20° north 
latitude and is deflected by the Philippine Islands to the northward, forming 
the commencement of the Kino Sirvo which flows along the east coast 
of Formosa and Japan, sweeps along the south-eastern coast of Japan until 
it reaches the parallel of 50° N., where it is known as the Kamschatka current. 
The Oya Sirvo is a cold water current from the Kamschatka and Kuril 
Islands running southward along the east coast of Yezo Island, the N.E. 
coast of Nipon, and inside the Kino Sirvo. 


China and Java Seas 


In the China Seas the currents set with the prevailing monsoon at a 
varying rate of a half to 2 miles per hour, but on the east coast of China and 
to the eastward of the Pescadores Islands the northerly current sometimes 
runs 3 to 4 miles per hour. 

The currents in the Java Seas are influenced in the same manner by the 
prevailing monsoon, and are generally stronger in the N.W. than in the S.E. 
monsoon, in the former, running at the rate of a mile an hour, in the latter. at 
half a mile an hour. Where the waters are confined in narrow channels the 
currents run much more rapidly and are complicated by the tides and are 
therefore uncertain and irregular. 

The student will notice that, throughout, one current flowing away induces 
another, forming complete chains wherever the seas run. 

For more detailed information or ‘Ocean Currents” see the Sailing 
Directions for the various Oceans. 





INTRODUCTION TO NAUTICAL 
ASTRONOMY 


To understand that branch of navigation which is based upon nautical 
astronomy it is necessary that the student should have a clear conception 
of the earth’s position in the solar system and in the stellar universe. The 
following chapter is written for that purpose, and is purely elementary. 

For further information consult “‘ Elementary Lessons in Astronomy ” 
(Lockyer), ‘‘ fhe Story of the Stars’ (Chambers), ‘‘ Introduction to 
Astronomy ” (Moulton), etc. 

Imagine the earth reduced to a globe a few feet in diameter, and upon 
which we are so situated that we can see the sky in all directions. The 
sun's light would pervade everywhere, we should see nothing but, perhaps, 
a faint reflection from the moon. 

To enable us to see the stars the sun’s light must be blotted out ; the 
planets, their satellites, and the moon would also disappear, becauso they 
shine with light :eflected from the sun. We should be in complete darkness 
except for the faint light received from the stars. With normal sight we 
should see scattered about the sky about seven thousand stars, probably 
less—not the countless numbers generally supposed. All the stars would 
be in view, but nothing new, only the familiar stars in lonely splendour or 
clustered in beautiful constellations. They would be spread before us 
apparently in endless confusion, but with a little acquaintance they soon 
take order and are easily recognised. 

If we look up into the northern sky we shall see Polaris, the North Star 
in the constellation of Ursze Minor, the North Pole of the heavens, round which 
all the stars in the Northern Hemisphere swing. Far down in the southern 
sky faintly gleaming close to the South Pole can be seen Sigma Octantis ; 
midway between lies a broad band of stars sweeping right round the 
heavens, the signs of the Zodiac, that thousands of years ago represented 
the months and seasons; a starry calendar, recording the sun’s annual pro- 
gress, and still familiar to us as Aries, representing Spring, Cancer, the 
Summer, Libra, the Autumn, and Capricornus, Winter. 

an ancient rhyme gives the signs thus : 


The Ram, the Bull, the heavenly Twins, 
And next the Crab the Lion shines, 
q The Virgin and the Scales ; 
The Scorpion, Archer, and He-goat, 
The man that holds the water-pot, 

And Fish with glittering tails. 


Put into their latinised names they are: Aries, Taurus. Gemini, Cancer 

Leo, Virgo, Libra, Scorpio, Sagittarius, Capricornus Aquarius and Pisces, 

Between this equatorial band and the poles are many other constellations, 

stars ot various brightness and colour, all suns much like our own sun shining 

win their own ngnt, but at such an immense distance that they are reduced 
1yQ 
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to a point of light. No ordinary measurement can convey any idea of their 
distances. The measurement commonly used is the distance light travels 
in a year, and since light travels 186,333 miles per second, the distance ina 
year will be equal to 186,333 X 60 x 60 X 24 X 365—an inconceivable figure. 
Yet the nearest star to the Solar System, « Centauri, is distant four and a 
half years, and the most remote are estimated to be from 2,000 to 3,000 
years distant. We can forma fair idea of the distance in another way. 
If we had a Morse flash-lamp powerful enough to reach the stars we could 
call up the moon in one and a half seconds, the sun in a little more than eight 
minutes, the nearest star in four and a half years. In the centre of this 
tremendous space the sun, “simply one star in the universe "’ is situated, 
surrounded by his family of eight planets. From this great multitude of stars 
the navigator selects about twenty of the brightest to assist him to find his 
way across the seas, but he must know them with precision. How is he 
to do this ? 

At this stage the astronomer comes to his aid. He draws horizontal 
and vertical lines (really portions of immense circles) upon the surface of 
the sky on the same principle that geographers draw parallels of latitude 
and meridians of longitude upon the earth’s surface. The earth’s poles 
are extended indefinitely until they reach the sky, the North Pole almost 
touching Polaris, and the South Pole Sigma Octantis. The earth’s equator 
is also extended till it meets the stars, but this greater circle is called the 
equinoctial. Lines are drawn parallel to the equinoctial both above and 
below until the poles are reached. They are really circles which diminish 
in circumference, parallels of declination. Then great circles are drawn from 
pole to pole, cutting all these parallel circles at right angles, and are called 
meridians or hour circles. Imagine the sky now ruled by parallel and vertical 
lines, which, at the equinoctial. form squares, and at the poles triangles. 
It is only necessary to mark the intersection of parallel and hour circle 
to be able to fix the position of any object in the heavens. But two 
starting-points are necessary from which to measure, one upwards and 
downwards, the other to the right or left. 

The equinoctial supplies the first from which declination is measured 
in degrees from 0° to go° north or south. The second point requires a 
little explanation. 

The sun in the course of a year traces a great circle among the stars, 
called the ecliptic ; the equinoctial is also a great circle. If the ecliptic 
is horizontal the equinoctial is tilted about 23}°, and as the one circle fits 
the other they must cu: in two exactly opposite points—one where the sun 
ascends into northern declination, the other where it descends into southern 
declination. 

Astronomers closely observed where the sun crossed the equinoctial 
going from south to north declination, and when its exact centre was on 
the intersection of the two circles a mark was made through them on to 
the sky beyond. As it happened, this mark did not fall on any star, it was 
simply an imaginary mark in a group of stars called Aries ; it was called a 
point, a first point, the first point of Aries, and thus the second place from. 
which to measure to the right or left was established. 

If the mark was made to-day it would be 30° more to the westward, 
in the constellation of Pisces. This is due to a backward movement of 
about 50” annually, called the precession of the equinoxes. It is caused 
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by the action of the sun and moon upon the earth’s equatorial protuberance. 
They pull the equator downwards, causing the crossing point to con- 
stantly recede. Having established a point in the sky itis used as Green- 
wich is used, the first meridian is drawn through it, but with this difference 
—longitude is measured in degrees east and west from Greenwich, but from 
the first point of Aries right ascension is measured in hours, minutes, and 
seconds right round eastward from o hours to 24 hours. We now have a 
complete set of vertical and horizontal lines. Suppose the beginner knows 
one bright star, Sirius, for instance, and wished to find Rigel. He simply 
compares the right ascension and_declination— 








A. OM. ° ‘ i 
Sirius R.A. 6 40 Dec. 16 34S.\ Dep. 22°25 and d. lat. 8°25 in 
Rigel __,, 5 1 os 8 205S.| the Traverse Table give N. 70° 
paca W. dist. 24°. 
Difference xX 29 d, lat. 8° 14’ N. B.—The degrees are used 
dep. 22° 15’ as minutes in using the Table. 


Therefore Rigel will be found about N. 70° W. 24° distant from Sirius. 
Any other celestial object can be found in the same way. The right 
ascension and declination of 56 bright stars is given in Norie’s Tables. 

It will be seen that the 7,000 visible stars are not scattered without order 
through space, but that each star has its name or number, its right 
ascension and declination recorded. The stars visible to the naked eye 
have been gathered into groups called constellations. In very ancient times 
they were given the names now familiar to us, of men, birds, beasts, and 
fishes. In the constellations, generally speaking, the brightest stars have 
proper names, and in addition take the first letter of the Greek alphabet and 
the name of the group. Sirius is also a Canis Major, the Great Dog, Rigel, 
is 8 Orionis, and so on. When the Greek letters are exhausted the remain- 
ing stars are numbered in Flamsteed’s catalogue, and when these are used 
up Lalande’s and Lacaille’s, etc., are referred to. Altogether, ancient and 
modern, there are 84 constellations. The most casual observer will notice 
that stars differ considerably in brightness, or, as it is called, magnitude. 
The term magnitude means their apparent brightness, not their size, which 
in most cases is not known. The visible stars are divided into six 
magnitudes. Onreference tothe Nautical Almanac and other stellar tables, 
it will be seen that the marking is peculiar. Sirius, the brightest star in the 
sky, is marked—1-4, and Canopus, the brightest southern star, —I‘o; 
Capella is 0:2, Aldebaran 1-1, Markab 2°6, Orionis 4:6, etc. If stars like 
Vega oI are used as a standard then Sirius and Canopus are brighter by 
1°3 and ‘g respectively, and the others less bright according to the figures 
attached. As the magnitudes decrease so do the numbers of the stars 
increase, especially as the limit of vision is approached. A little attention 
will also discover that the stars are of different colours. Some are white 
with a bluish tinge like Sirius or Vega, some yellow like Capella, some have 
an orange colour like Arcturus, and some are red like Aldebaran, Antares, 
and Betelguese. The stars have what is called an apparent and a proper 
motion. — This is very small and can only be detected by a telescopic 
observation The apparent motion is the movement as seen from the earth, 
the proper is the actual movement deduced by calculation in reference to 
the sun. These motions are of no consequence to the navigator beyond the 
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small correction they entail in looking out the stars’ right ascension and 
declination, which are practically constant. The spectroscope shows thac 
stars differ considerably in physical constitution. The camera and the 
spectroscope have in recent years added immensely to our knowledge of 
the stars. 

Hitherto we have spoken of the earth as if it were the actual centre 
in space. This is not so, the sun is the centre of our system; it is simply 
another star, which, if placed at the same distance from us as « Centauri, 
would not shine so brightly. 

The sun has a family of eight planets, which swing round it in circles 
varving in size and in the following order: Mercury, Venus, Earth, Mars, 
Jupiter, Saturn, Uranus, Neptune. 

They are said to revolve round the sun in orbits of varying diameter in 
the plane of the ecliptic. The ecliptic may be compared to the horizon 
extended indefinitely, and the plane of the ecliptic to a boundless sea, 
wherein the sun and all the planets float halfimmersed. The sun, planets, 
and many other minor bodies, such as the moon, the planetoids, satellites, 
the asteroids, the meteors, and about 30 comets, make up the Solar System. 
It will assist us if we could imagine a model of it in proportion somewhat 
as follows: 

First, to represent the ecliptic imagine an immense sheet of glass, cir- 
cular in shape, with a radius of one and a quarter miles. The sun and 
all the minor planets should be half immersed in the ecliptic. At the 
centre should be placed the 


Sun, a globe 2 feet in diameter, 

MERCURY, a small pin-head distant 82 feet, 
VENUS, a small pea distant 142 feet, 

EarTH, a moderate-sized pea distant 215 feet, 
Mars, a large pin-head distant 327 fect, 
ASTEROIDS, grains of sand distant 500 to 600 feet, 
JUPITER, a moderate-sized orange distant } mile, 
SaTURN, a small orange distant 2 mile, 

UrRanvs, a good-sized cherry distant } mile, 
NEPTUNE, a good-sized plum distant 14 miles, 


that is on the margin of the sheet of glass. Although the diameter of the 
circle through which the outside planet (Neptune) sweeps is several thousands 
of millions of miles of which the sun is the centre, it is a small thing com- 
pared with the distance of the nearest star, and compared with the more 
distant stars a negligible quantity. 
‘Thus the sun and its planets float in space quite alone, the starry heavens 
nothing more than a far distant background. 
For the rest of this chapter we must consider the earth in its full size 
and proper place among the planets. é 
It was desired in describing the foregoing model of the solar system 
to convey the impression that all the planets were floating round the sun 
in the same plane. ‘This is not strictly correct, because each planet has 
its own plane, tilted a little more or less from the plane of the ecliptic, but 
_for our purpose no error will be introduced if we continue to consider them 
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all in one plane. If all our models were furnished with visible poles it 
would be seen that none of them floated upright ; each one would have 
a tilt or list. The earth's (the only one of interest to the navigator) has an 
inclination towards the ecliptic of 234°; this is the cause of the change 
of declination, for if the earth floated upright there would be no change 
in declination and no seasons. The declination and its changes are wholly 
due to the inclination of the earth’s axis. 

The so-called movement of the sun and the tilting of the ecliptic seem 
somewhat upside down, but they follow the common explanation which 
supposes the sun to go round the earth instead of the earth round the sun. 

The planets Mercury and Venus revolve in orbits close to the sun, within 
the earth’s orbit, consequently they can be seen only a short time before 
sunrise or a short time after sunset, always near the sun, Mercury very close. 
They are called inferior planets because their orbits are inferior in size to 
the earth’s. The five outer planets are called superior planets for the 
reason that their orbits are greatly superior to the earth’s; and because 
they revolve in orbits outside the earth’s they may be seen in all parts of the 
sky, within the limits of their declination. If their path were traced in the 
sky they would not describe a steady forward course, like the sun and 
moon, but would go forward for a time, then make a loop, then forward 
again. They appear to wander about, hence their name—planet, or wan- 
derer. The wandering is brought about by each planet, the earth included, 
having different sized orbits around which they travel at different speeds, 
and although each planet goes steadily onward, the earth appears to over- 
take a planet or is overtaken in turn and occasionally goes along for a time 
at apparently the same rate. This movement, with some change in the 
declination, seems to give a planet a very erratic motion. You will observe 
that the planets move among the stars like one of them, but they are 
infinitely smaller bodies close to us, and they shine with reflected light, and 
are humble companions of the sun, having no part with the glorious orbs 
of fire that lie ages of miles beyond them. 

The carth and each of the superior planets have moons or satellites. 
The earth, one (the Moon) ; Mars, two; Jupiter, seven ; Saturn, ten ; Uranus, 
four ; Neptune, one. 

In ordinary navigation, the only satellite used is the Moon. 

Tables of the movements of Jupiter's satellites are given in the Nautical 
almanac; they are chiefly used by astronomers for finding the mean time at 
Greenwich. 

It was the difference of time between the entrance and exit of the 
satellites across Jupiter's disc at its nearest and farthest distances that the 
speed with which light travels was confirmed. 

The moon floats in the ecliptic almost upright, its plane is tilted from 
the ecliptic about 5°. It revolves on its axis in the same time that it 
takes to go round the earth, about 28 days, consequently we see but 
one side of the moon. It moves across the stars at a mean rate of about 
51 minutes in the 24 hours from west to east, a very quick motion. This 
quick motion was early taken advantage of to determine the mean time 
at Greenwich and thence the longitude. Flamsteed, the first Astronomer- 
Royal, was established at Greenwich Observatory in 1675, ‘chiefly for 
the purpose of Oe oe distances. The moon's distance from nine 
bright stars in her path, four planets and the sun, is calculated for 
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each three hours of Greenwich mean time and tabulated; then at any 
time, day or night, the moon being visible and the weather suitable, the 
distance is measured with the sextant between the moon and one of the 
tabulated bodies, and at the instant of observation the time is noted. If 
the corrected measurement agrees with the tabulated distance the time 
under which it occurs is the Greenwich mean time recorded ; if the exact 
distance is not obtained then the time is found by proportion. This is the 
only independent method the navigator has of finding the longitude at 
sea. The mean distance of the moon from the earth is about 240,000 miles ; 
its close proximity causes the right ascension and declination to alter very © 
rapidly, and for this reason it is not used in ordinary navigation with the 
frequency of slower moving bodies, so many corrections being required. 

In the foregoing explanation the earth’s track round the sun is described 
as circular. Very few orbits are circular, they are mostly elliptical. 
The earth's orbit is an ellipse, the sun is not at the centre but nearer one 
end than the other. This brings the earth nearer the sun in winter by 
3,000,000 miles than in summer. If the earth’s orbit were circular the 
apparent and mean day would be alike, the clock and the sundial would 
always agree, but the orbit being an ellipse causes the clock and the 
sundial to disagree, necessitating what is called the equation of time. A 
simple figure will show how it occurs. Draw an ellipse; on the major 
axis place the sun a little nearer one end than the exact centre. Using 
the centre of the sun as a point, describe inside as large a circle as the 
ellipse will permit. Divide the circle into eight or more equal parts, pro- 
duce the radii to the ellipse. It will be found that the circle will be divided 
into equal segments and the ellipse into unequal segments; the difference 
represents the equation of time and is used to make the time shown by the 
circle, which is mean time, agree with the time shown by the ellipse, which 
is apparent time, or vice versa. 

The earth turning upon its axis causes the heavenly bodies to rise 
and set. They move in great arcs across the sky with a precision and 
regularity that man vainly attempts to emulate. At every instant of 
time some celestial body is recording the hour angle or is indicating a true 
point on the horizon, or when reaching the meridian is recording the lati- 
tude. The navigator with his sextant, his chronometer, and his compass 
presses the sun, moon, and stars into his service and thereby guides his 
vessel over the trackless seas. How this is done, it is the province of 
another chapter to describe. 





NAUTICAL ASTRONOMY 
DEFINITIONS AND PRINCIPLES 


In the previous pages the position of a ship at sea has been determined 
by that branch of Navigation which is mainly connected with the use of 
the Log and Mariner’s Compass, the Lead, and the Chart; the methods, 
based on plane trigonometry, are sufficiently accurate; but the results 
obtained from the instruments are to a certain extent imperfect ; hence the 
place of a ship is only approximately determined, and it is usually called 
the position by Dead Reckoning (D.R.), and sometimes by Account. 

That branch of Navigation which determines the place of a ship by 
observations of the heavenly bodies is called Nautica, AsTRoNoMY. The 
instruments for obtaining the data are the QUADRANT or SEXTANT, the 
ARTIFICIAL Horizon, a Time-keeper called a CHRONOMETER, and the 
NaAvuticaL ALMANAC; the use of these will be described in the sequel. 
For special purposes the Circle of Reflexion and a portable Transit Instru- 
ment are valuable. 

In Nautical Astronomy, which is the application of the principles of 
AsTRoNomy, heights and distances come only incidentally into the calcu- 
lations. The position of the observer depends upon the angular position 
of the heavenly bodies with respect to each other, and the horizon and 
meridian. 

Through the methods of spherical trigonometry the necessary data 
determine the place of the zenith on the celcstial concave, which, referred to 
the Earth, is the Position of the Ship by Observation, as distinguished from 
the position by Dead Reckoning. : 


I.— THE SOLAR SYSTEM AND FIXED STARS 


The SoLrarR SYSTEM is that assemblage of planets, comets, meteors, and 
cosmical bodies that have the Sun as their central luminary, revolving 
around that body at different distances, and with different periodic times. 

The PLANETS of the System, in the order of their proximity to the Sun, 
are, Mercury, Venus, the Earth, Mars, the Asteroids, Jupiter, Saturn, 
Uranus, and Neptune. The planets shine by the reflected light of the 
Sun, as do all the bodies of the system ; and it is characteristic of planetary . 
motion that a line drawn from the Sun’s centre to a planet would sweep over 
equal areas in equal times. 

The inferior planets are the two whose paths are between the Earth and 
Sun: the s«pertor planets move in paths ata greater distance from the Sun 
than the Earth’s path. 

SATELLITE is another name for Moon, and most of the planets in the; 
solar system are accompanied by one or more of such bodies, which revolvei 
around their Pe as a secondary planet. The Earth has one Moon if 
Mars two; Jupiter four; Saturn ey and also meteoric rings; Uranus 


206 NAUTICAL ASTRONOMY 


four ; and Neptune one or more. These moons or satellites revolve around 
their special primary planet in definite periodic times, and where there are 
more than one, at definite distances. 
ComETS are luminous bodies whose very eccentric paths lie around the Sun. 
METEOROIDS are small luminous bodies, or groups of small bodies, whose 
paths are around the Sun, and intermingled with the paths of the planets. 
The following statistics are a compendium of the Solar System— 





I Second. 


Acs | Mean distance j Density. | ; : . Orbital 
from the Sun. | Mean | Time of cna velocity 

2 ae of pee Ee me | diameter —————| Rotation on Heras jin miles 

P ¥+ Astronom.’ Millioas in Miles. Water =1| Axis. ee per. 


‘cal Units | of Miles.. 











© Sun....:. | 860,000 | I'444 25+ days | | 


¥ Mercury, -3871 352 2,992| 6-85 | a4 O 50 | 87-97 dys. 29°55 
 Venus..' -7233 | 663 7.660; 4°81 | 23 21 22 224-70 dys. ar-6r 
@ors Earth... rocco! 93 | 7.926 | 5°66 | 2356 4 365-26 dys. 18-38 
¢ Mars...’ 13-5237 141 4.211] 4°17 | 24 37 23 686-98 dys. 14-99 


ASTEROIDS.| | | 


53-2028 ! 480 86,000; 3278: 9 55 20! 1-86 yrs.' 8-06 


u Jupiter 


» Saturn 95389 | 881 70,500] +75 IO Ly O| 29-46 yrs. 5:95 





75 
i 
y Uranus 19-1834 '1771 | 31,700 28 unknown | 84-02 yrs. 4:20 
| 


i 


e 
y Neptune 30-0544 !2775 | 34,500! I-35 | unknown! 164-78 yrs. 3-36 





Nore-—The Asteroids are a group of minor (telescopic) p!anets revolving around the 
Sun, in orbits between those of Mars and Jupiter. Only four, Ceres, Pallas, Juno,and Vesta, 
were known in the first years of the present century; now they are known to number 458 
{Jan. 1898), varying in diameter from 20 to 400 miles. 


The Moon ( ¢ ) that accompanies the Earth has a diameter of about 
2,160 miles and revolves around the Earth, as her primary, at a mean 
distance of about 237,700 miles, in 27d. 7h. 43m. 2175s. ; but the revolution 
on which the Moon's phases depend extends to 29d. zh. 44m. 2°7s. 

‘Tue FIXED STaRs are distinguished from the planets, inasmuch as their 
relative positions are the same from year to year. Some of them are 
single ; others, attended by a companion, are double ; some appear grouped 
in clusters. They are divided into classes or magnitudes according to their 
apparent splendour, the lowest class visible to the average human eye being 
that of the sixth magnitude. Those used in Nautical Astronomy are of 
the first or second magnitude. ; 

The Fixed Stars shine by a light inherent in their own structure, and, 
like our Sun, may possibly be the centre of a system of planets wholly 
invisible to us. : 

In order to assist the memory, the ancient astronomers divided the 
heavens into districts of various shapes, called constellations. These consist 
of a number of stars lying contiguously, which are supposed to be circum- 
scribed by the imaginary outline of sone animal or other figure. The stars 


een 
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in the constellations are generally distinguished by letters of the Greek 
alphabet, and some of the principal have proper names. 

The distances of a few of the fixed stars have been determined: of these 
distances none are less than 200,000 times the distance of the Earth from 
the Sun. Or, to put it in another form, light travels 186,700 miles per 
second, and comes to us from the Sun in 8 minutes: to come at the same 
rate from the nearest fixed star ( Centauri) 44 years would be required. 

The celestial objects from which the data are derived, through reflecting 
instruments and the Nautical Almanac, for the various problems of Nautical 
Astronomy, are the Sun and Moon ; the planets Venus, Mars, Jupiter, and 
Saturn ; and the Fixed Stars of the first and second magnitudes. 

The symbols of the Solar system are given on p.206 ; the Greek alphabet 

: by which the fixed stars are distinguished, is as follows— 


a (alpha) nm (eta) v (nu) + (tau) 
B (veta) 6 (theta) é (xi or ksi) v (upsilon) 
+ (gamma) « (iota) o (omicron) ¢ (phi) 
6 (delta) « (kappa) | a (pi) x (khi) 
« (epsilon) A (lambda) p (rho) y (psi) 
¢ (zeta) p (mu) a (sigma) w (omega) 


The following works will be useful to the student who wishes to acquire 
a more complete and accurate knowledge of Astronomy: ‘‘ Rudimentary 
Astronomy ” (Weale’s Series), by the Rev. R. Main, M.A., F.R.S., revised 
by W. T. Lynn, B.A., F.R.A.S.; ‘Elements of Astronomy,” by R. S. 
Ball, LL.D., F.R.S., Royal Astronomer of Ireland. 

For the Stars and their use in navigation, see ‘‘ How to Find the Stars, 
etc.,’ and ‘‘ Stellar Navigation,’”’ by W. H. Rosser. 


II.—PRELIMINARY DEFINITIONS 


CIRCUMFERENCE is a general term denoting the line or lines bounding 
any figure. p 

A Circle is a figure bounded by a curved line which is everywhere 
equally distant from a point within it called the centre; the boundary of 
the circle is its circumference or periphery : the circle is the space contained 
within the circumference. 

The Raprus of a circle is a straight line drawn from the centre to the 
circumference ; and around which the circle is generated; it is also the 
semi-diameter. 

The DIAMETER of a circle is a straight line passing through the centre 
from one part of the circumference to another. The diameter = 2 radii 
(or twice the radius). 

A semicircle is half a circle: or the space between a diameter and the 
semi-circumference. 


A quadrant is the fourth part of a circle, being bounded by two radii 
perpendicular to each other. 


A circle is divided into 360°; a semicircle into 180°; and a quadrant 
into go’. : é 
The Arc of a circle is any part or portion of the circumference of a circle. 
A Praxe is a perfectly level surface, or extension, of indefinite 
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dimensions ; and when the term is used to mark the separation of one part 
of a sphere from another, it is called a cutting plane. 

A SPHERE or Globe is a body generated by the revolution of a semicircle 
about its diameter. A sphere is the surface in solid geometry which corre- 
sponds to the circle in plane geometry. 

A sphere may be either solid or hollow. As regards Navigation, the 
sphere is the surface of the Earth; as regards Nautical Astronomy, it is an 
imaginary spherical surface in space, generally called the celestial concave, 
with the Earth as a point at the centre. 

Every point on the surface of a sphere is equally distant from an interior 
fixed point, called the centve ; a straight line drawn from the centre to any 
point on the surface is a constant distance, and is termed the vadius ; and 
if the line passes through the centre and is produced both ways to meet 
the surface, it is called the diameter. 


Note.—In Nautical Astronomy the semi-diameter of a heavenly body, as the Sun, Moon, 
or any of the Pianets, 1s expressed in angular measure. 


Every section of the surface of a sphere made by a cutting plane is a 
circle ; if the centre of the sphere be ix the cutting plane, the section is a 
GREAT CIRCLE; if the centre of the sphere be out of the cutting plane, the 
section is a SMALL CIRCLE. 

The plane of a great circle cuts the sphere into two equal parts: and all 
great circles have the same radius, which is also the radius of the sphere. 
The plane of a small circle cuts the sphere into two tmnequal parts 

All great circles of a sphere are equal to each other, and bisect each 
other ; 7.e., divide each other into two equal parts or semicircles. 

A great circle may be drawn through any two points on the surface of a 
sphere, but not through more than two, taken at random. 

If through the centre of a circle, whether great or small, a straight line 
be drawn perpendicular to its plane, the points in which the line meets the 
surface of the sphere are called the Poes of that circle. Such a line isa 
diameter of the sphere. 


All PARALLEL CIRCLES are, at all points, equi-distant from each other, 
and have the same poles. 

Every point on a great circle is go° from either of its poles. 

Every point on a small circle is less than 90° from its adjucent pole, and 
more than go° from its remote pole. 

If any great circle is taken as a primary, all the great circles that pass 
through its poles are secondaries, and all secondaries cut their primary at 
right angles. Thus, vertical circles are secondaries to the rational horizon 
as a primary, and polar circles are secondaries to the equinoctial (or equator) 
and the ecliptic, as the case may be. 

The ARC OF A GREAT CIRCLE is measured by the angle subtended by it 
at the centre of the sphere, and is the same as the angle at its pole of two 
secondaries passing through the extremities of the arc. 

The Distance of any two points on the surface of a sphere is measured 
by an arc of a great circle joining them ; and it is the shortest distance, 

The Axis of a sphere is any line passing through the centre, and termi- 
nating at the surface on both sides. 

The Axis oF Roration is the line or diameter around which a body 
revolves when put into motion. 
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If one axis is longer than the other, the longer is the major axis, the 
shorter is the minor axis. . 

An ELLIpsE is an oval figure, or flattened circle, in which the distance 
from the centre to the circumference varies in different parts ; hence it has 
a major, and a minor, axis (diameter). 

A SPHEROID is a solid spherical body generated by the rotation of an 
ellipse around one of its axes. If the rotation is around the minor axis 
the body is an oblate spheroid, if around the major axis it is a prolate spheroid. 

A SPHERICAL ANGLE is an angle on the surface of the sphere contained 
between two great circles at their point of intersection. 

A SPHERICAL TRIANGLE is that portion of the surface of a sphere con- 
tained by three arcs of great circles which cut one another, two and two. 

The Complement of an Arc or Angle is what it differs from go°. 

The Supplement of an Arc or Angle is what it differs from 180°. 


N.B.—For the Definitions relating to the Earth and Navigation, see 
p. 76 . 


IIIJ.—DEFINITIONS APPERTAINING TO NAUTICAL ASTRONOMY 


THE CELESTIAL CONCAVE.—In nautical astronomy, which is an 
important subdivision of practical astronomy, we are no longer concerned 
with the surface of the earth, except in so far as we may be an observer 
on some given spot of that surface. Our observations are extended 
to the heavenly bodies—the sun, moon, planets, and fixed stars which 
appear to revolve, in definite positions, around the earth from east to west, 
owing to the rotatory motion of the earth on its axis in the opposite direction 
—namely, from west toeast. Now space, in the abstract, has neither form 
nor dimensions and must ever remain to the human mind illimitable and 
immeasurable: yet the heavenly bodies, situated as they are in space at. 
various (and many at incalculable) distances from us and from each other, 
and considered merely as they appear to us, nay be conceived to occupy 
a vast concave sphere, extending around us in every direction. If we were 
placed in the centre of a glass sphere, through which we could see all the 
heavenly bodies, and were, at a given instant, to make marks on the glass 
at all the spots where those bodies appeared, the marks would become in 
30me measure a record of the relative distances at which the bodies seem 
apart. Such is the principle of the concave sphere, which is usually called 
the CELESTIAL CONCAVE, the radius of which is infinite, and the centre of 
which is the eye of the observer. On the celestial concave we likewise con- 
ceive, together with the heavenly bodies, certain great circles of the sphere 
to be projected; then, knowing the positions of these bodies with respect 
to the great circles, also the positions of the circles themselves with respect 
to each other, and reducing the celestial observations made on the surface 
of the earth to such as they would be if taken at the earth’s centre, the 
position of any given spot on the earth can be determined, together with 
- the fundamental elements necessary for conducting a vessel over the 

ean. 

And, ees wt weave been speaking of is a mere conception, it is 
mathematically as real as if the whole had an actual existence : for, though 
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the rotation of the Earth on its axis once in every 24 hours, producing d-y 
and night, and the annual progression of the Earth around the Sun, giving 
us the seasons, might seem to render our conception impossible ; yet those 
who are acquainted with the nature of relative motion will see that we might 
(not without inconvenience, but without inaccuracy) assume any one point 
of the universe we please for a fixed point, provided we give all other points, 
not their absolute motions but the motions which they have relatively to 
the centre chosen. 

It is also necessary to take note that while in Navigation we deal with 
actual distances, so many miies North, South, East, or West, or in any 
intermediate direction between those cardinal points, in Nautical Astronomy 
we are concerned only with angular measures and distances,—the arcs of 
great circles, forming spherical triangles, being the arguments of the problems 
to be solved. 

Some of the points and great circles of the celestial concave are synony- 
mous, if not coincident, with those of the terrestrial sphere ; others are not 
common to the two. 

Axis AND PoLeEs of the Celestial Sphere.—The Axis of the Celestial 
Sphere is the line formed by the prolongation of the axis of the Earth to 
the celestial concave. The two points in which the axis meets the celestial 
concave are called the PoLes of the Celestial Sphere, or, as they are some- 
times called, the Poles of the Heavens, and they are the only points of the 
sphere that appear fixed and immovable ; about them, the heavenly bodies, 
in their apparent daily revolution from east to west, seem to describe 
circles, which are greater or less, according as they are further from, or 
nearer to, their apparent centre of motion; and the nearer a body is ‘o 
either of these points, the slower is its motion. The name (North or South, 
of the Pole corresponds to that on the terrestrial sphere which it faces. 

The celestial sphere has three primary great circles; they are the Equt- 
noctial, the Ecliptic, and the Horizon. 

The EguinoctTiat.—A line parallel with the Earth’s equator, hence per- 
pendicular to the axis, will, owing to the diurnal motion, describe a plane 
whose intersection with the celestial sphere coincides with the great circle 
the poles of which are the Poles of the Heavens; this is the EQUINOCTIAL 
or celestial EQUATOR. 

As the Equinoctial is in the same plane with the terrestrial Equator, so, 
in like manner, the terrestrial meridians become celestial MERIDIANS or 
Hour Circces, in the same plane with the terrestrial Meridians, perpen- 
dicular to the Equinoctial, and passing through the Poles of the celestial 
sphere. 

The Eciiptic.—The great circle which the Sun’s apparent, but the 
Earth's actual path (or orbit) traces in the celestial concave in the course 
of a sidereal year is called the EcLIPTIC: the name is derived from the fact 
that solar and Junar eclipses can only happen when the Moon is in or very 
near this circle. Owing to the Earth’s axis of diurnal rotation being 
inclined at what may be considered as a constant angle to the plane of her 
orbit of annual revolution, it follows that the planes of the equator and 
ecliptic are not coincident ; and this nearly constant angle of inclination 
(23° 27}’) is called the OBLIQUITY OF THE ECLIPTIC. The two points of 
intersection between the celestial equator and ecliptic are called the Eguinoxes 
or EQUINOCTIAL POINTS, because, when the Sun appears in either of them, 
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being then on the Equator, and as the equator and the horizon of every: 
place bisect each other, he must remain as long above as below the horizon, 
producing everywhere day and night of equal length: thence the term 
EQUINOCTIAL for the celestial equator. 

The ecliptic is divided by astronomers into twelve equal parts, called signs, 
each sign being equivalent to 30° of arc. A zone or belt extending about 
8° on each side of the ecliptic is called the Zodiac, in which are the orbits 
of the planets, with the exception of some of the Asteroids. The signs are 
common to the ecliptic and zodiac—hence the term SIGNS OF THE ZODIAC. 
Their names, in the direction of the Sun’s apparent motion, with the days 
on which that luminary appears to enter them, are as follows— 


NORTHERN SIGNS 


Spring Signs Summer Signs 
Aries, March 20-21. «@ Cancer, June 21. 
Taurus, April 19-20. a Leo, July 22-23. 
Gemini, May 20-21. m™ Virgo, August 22-23. 


gas 





SOUTHERN SIGNS 


Autumnal Signs Winter Signs 
Libra, September 22-23. | Capricornus, December 21-22. 


sad 


Scorpio, October 23. Aquarius, January 19-20. 
Sagittarius, November 22. Pisces, February 18-19. 


RNG 


The point where the sun passes from the southern to the northern hem1- 
sphere, on March 21st, at the vernal equinox, is called the First PoINT oF 
ARIES; which, however, is no longer in the constellation Aries. So with 
regard to the other signs, they do not coincide with the constellations of 
the same name, though they did originally when the First Point of the 


sign Aries was in the constellation Aries. The change is owing to an | 
extremely slow motion, at the rate of about 50”r annually, produced by | 


the attractive force which the sun, moon, and planets exercise upon the 
protuberant parts of the Earth about the equator; causing the equi- 
noctial points to move westward, and thus to continually precede (in the 
order in which the signs are read) the position occupied at any former 
epoch ; hence the motion is known as the PRECESSION OF THE EQUINOXES, 
and it has brought the First Point of Aries into the constellation Pisces. 
The autumnal equinox, which the sun reaches on September 23rd, when 
crossing from the northern to the southern hemisphere, is the First Point 
of Libra, now in the constellation Virgo. Thus, it is to be observed that 
the signs retain their names, though they are no longer in the constellations 
after which they were originally called, which is a matter of no importance 
compared with choosing a fixed initial point of reckoning—and this is the 
point of the vernal equinox known as the First Point OF ARIES. 

Owing to the precession of the equinoxes, the pole of the celestial sphere 
completes a revolution around the pole of the ecliptic in about 26,000 years. 

The points of the ecliptic 90° from the equinoxes are known as the 
SOLsTIces, or solstitial pownts, which are Tespectively in the signs Cancer 


and Capricorn ; when in Cancer, the sun has rea i imit i 
the northern hemisphere ; ched its furthest limit in 


southern hemisphere. 
o2° 


when in Capricorn, its furthest limit in the 
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The circles connected with the ecliptic are those which determine the 


‘Latitude and Longitude of a heavenly body. Great circles which pass 


through the poles of the ecliptic, and which are perpendicular to its plane, 
are CIRCLES OF CELESTIAL LATITUDE ; and the arc of such a circle between 
any given star and the ecliptic marks its LaTITUDE, which is N. or S. accord- 
ing as the star is north or south of the ecliptic. The LonciTuDE of such a 
star is reckoned on the ecliptic, and is the arc between the circle of latitude 
of the star and the First Point of Aries, estimated in the order of the signs, 
from 0° to 360°. 

It is necessary to note that celestial latitude and longitude have nothing 
in common with Zerrestrial latitude and longitude, as they are not referred 
to the same plane. 

The coLuREs are the two great circles passing through the celestial poles, 
dividing the ecliptic into four equal parts, and marking the seasons of the 
year. The circle of celestial latitude whose longitude is zero, is the colure 
of the equinoxes ; and that whose longitude is 90° is the colure of the solstices. 
The arc of the latter colure between the equator and the ecliptic, as also 
the arc between the pole of the equator and the pole of the ecliptic, is equal 
to the obliquity of the ecliptic. The term “‘ colure’”’ is almost obsolete. 

THE VisisLe Horizon.—Standing on the earth’s surface our vision 
is bounded by the circumference of a small circle indicated by the apparent 
junction of land-or water with the sky; this is the VISIBLE HORIZON, and 
our range of vision is greater or less according to the height at which we 
stand: from such a standpoint only a small part of the terrestrial hemisphere 
is visible, and always more than a hemisphere of the heavens. 

SENSIBLE Horizon.—The circle which bounds the horizontal plane 
extending from the spot where the observer stands is the SENSIBLE 
HORIZON ; and this plane, which is tangential to the earth’s surface, is per- 
pendicular to the radius of the earth which extends from the centre to the 
observer's station. The plane of the sensible horizon may also be conceived 
as that which sensibly coincides with the surface of a fluid at rest: the 
reduction of an astronomical observation due to the difference between the 
visible and sensible horizons is called the dip. 

The Rationar or celestial Horizon, which determines the rising or 
setting of the heavenly bodies, is the great circle whose plane is parallel 
with the sensible horizon, and which, passing through the centre of the 
earth, extends to the celestial concave: this is the primary great circle to 
which all vertical circles are secondaries. 

The CARDINAL POINTS OF THE Horizon are the North, South, East, and 
West. 

The North point is that point in which the meridian meets the horizon on 
that side of the prime vertical on which the N. pole is situated. 

The South point of the horizon is that point where the meridian meets 
the horizon on that side of the prime vertical most distant from the N. pole. 

The East point is that point of the horizon where the prime vertical 
meets it, on that side of the meridian on which the heavenly bodies rise. 

The West Point is that point of the horizon where the prime vertical 
meets it, on that side of the meridian towards which the heavenly bodies 
appear to move, and in which direction they set. 

Dip, or DEPRESSION, OF THE Hor1ZON.—The angle between the visible 
and sensible horizons, depending on the height of the observer above the 
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horizontal plane: the quantity corresponding to the height of the eye is 
subtractive from an observed altitude. 

ZENITH.—The point directly overhead, 90° from every point of the 
horizon. The zenith changes its position as the observer changes his station 
on the earth. 

Navrr.—The point diametrically opposite the zenith. 

The zenith is the upper pole of the observer's horizon, and is the point 
in the celestial concave to which the angular distances, called zenith distances, 
are referred: the nadir is the lower pole of the observer’s horizon. 

Since the horizon of an observer changes as he moves from station to 
station, so does his zenith : and the terms zenith and nadir are relative ; to 
observers standing in opposite hemispheres, and feet to feet, the nadir of 
one would be the zenith of the other, and vice versd. 

VERTICAL CIRCLES.—The great circles which pass through the zenith, 
and are perpendicular to the horizon, are vertical circles, or circles of altitude : 
they are secondaries to the horizon. 

PoLE.—The pole of the heavens is the indefinite extension of the 
earth’s axis—it is the point around which the whole heavens appear to 
revolve. 

Po.ar Distaxce.—The polar distance of a heavenly body is the arc of 
the celestial meridian contained between the elevated pole and the object’s 
centre. When the latitude and declination have the same name the polar 
distance is less than go°, and when of opposite names it is greater than go°. 

The ELEVATED PoLeE of the observer is the pole which is nearer to him, 
and is always above his horizon. The elevation of the pole is equal to 
the latitude. 

CIRCUMPOLAR.—A term applied to a heavenly body when it revolves 
round the pole and is above the horizon during the whole of its revolution. 
A circumpolar body crosses the meridian of an observer twice in each 
twenty-four hours; once above the pole and once below. When the polar 
distance of a celestial body is less than the latitude, and of the same name, 
the body is said to be circumpolar. 

DEcLINATION.-—The declination of a heavenly body is the are of a 
celestial meridian contained between the equinoctial and the centre of the 
body. It may here be remarked that the celestial meridians, hour circles, 
and declination circles are all synonymous. 

CIRCLES OF DECLINATION or hour-circles are secondaries to the 
equinoctial. 

PARALLELS OF DECLINATION are small circles parallel with the 
equinoctial. 

RIGHT ASCENSION.—The right ascension of a heavenly body is the arc of 
the equinoctial between the first point of Aries and the celestial meridian 
which passes through the body: it is reckoned eastward (i.e. from west to 
east) in the direction of the apparent annual motion of the sun, through 
360°, or 24h. ; generally, however, expressed in hours, minutes, and seconds. 

The celestial MERIDIAN of an observer's station is the vertical circle that 
passes through the celestial poles, over the N. and S. points of the horizon, 
and through the zenith, and is the actual projection of the terrestrial 
meridian on the celestial concave. 

Hour ANGLE is the arc of the equinoctial, or corresponding angle at 
the pole, contained between the observer's meridian and the meridian 
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through the object’s centre. The westerly hour-angle is the apparent time 
at place. 

ZENITH DISTANCE.—The zenith distance of a celestial object is the arc 
of a vertical circle contained between the zenith and the centre of the 
object. The altitude and zenith distance are each the complement of the 
other. When the latitude and declination are both 0°, the zenith distance 
turned into arc is the hour-angle. The altitude of a heavenly body alters 
most rapidly when it is on the prime vertical, that is, when it bears east or 
west. 

The Prime VERTICAL is the vertical circle passing through the zenith, 
and the east and west points of the horizon. As the plane of the meridian 
passes through the north and south points, and that of the prime vertical 
through the east and west points, of the horizon, and both planes through the 
zenith, they are perpendicular to each other. The meridian is the twelve 
o'clock (noon) hour-circle. 

ALTITUDE.—The altitude of a heavenly body is the arc of a vertical circle 
contained between the horizon and the centre of the object. 

AzImuTH is the arc of the horizon contained between the observer's 
meridian and a vertical circle passing through the centre of the object. 
Azimuth is reckoned from the north and south points of the horizon towards 
east and west. 

The observed altitude of a heavenly body is its altitude above the visible 
horizon, measured by a reflecting instrument. 

The apparent altitude of a heavenly body is the arc of the circle of 
altitude between the sensible horizon: and the object’s centre; to obtain 
which the observed altitude must be corrected for index error of the instru- 
ment, dip, and semi-diameter (if any). 

The true altitude of a heavenly body is the arc of the circle of altitude 
between the-rational horizon and the object's centre ;_ to obtain which the 
apparent altitude must be corrected for refraction in altitude, and parallax 
in altitude (if the object has any horizontal parallax). 

SEMI-DIAMETER.—The radius, or half the diameter, of a body. The 
semi-diameter of the sun, moon, or any of the planets, as given in the 
Nautical Almanac, is the angle under which the semi-diameter of the body 
would appear if viewed from the centre of the earth. 

THE AUGMENTATION OF THE MOON’S SEMI-DIAMETER is the apparent increase 
in her semi-diameter due to the observer being brought nearer to the moon 
as she rises in altitude. When the moon is in the zenith she is nearer to the 
observer by the amount of the earth’s radius than when she was on the 
horizon. 

JHE AUGMENTATION OF THE SUN'S SEMI-DIAMETER:—Owing to the 
enormous distance of the sun is quite inappreciable. 

REFRACTION, in nautical astronomy, is the change of direction which 
a ray of light, proceeding from a heavenly body to the eye of the observer, 
undergoes in passing through an atmosphere of increasing density ; the 
body is seen in the direction in which the last part of the ray enters the eye, 
hence there is a difference between the real and apparent places of the body, 
the fact being that it appears higher than it really is: the correction, 
called the refraction in altitude, is subtractive from the apparent altitude. 

PARALLAX is the difference between the altitude of a heavenly body 
above the rational horizon and its altitude above the sensible horizon ; it is, . 


NAUTICAL ASTRONOMY 215 


therefore, equal to the angle at the object subtended by the earth’s radius 
in that latitude and is always additive. For navigational purposes none of 
the stars has any parallax, owing to their enormous distance from the earth. 

The HorizontaL ParRALLax of any heavenly body (sun, moon, and 
planets), as given in the Nautical Almanac, is the greatest angle under 
which the earth’s equatorial semi-diameter would appear if seen from 
the centre of the body; hence that of the moon, owing to her proximity to 
the earth, requires reduction for the latitude of the observer’s station. The 
parallax in altitude is the correction (additive) by which the true altitude 
above the sensible horizon is reduced to the true altitude above the rational 
horizon. 

PARALLELS OF ALTITUDE, formerly called ALMUCANTARS, are small 
circles whose planes are parallel to the horizon. 

RISING AND SETTING.—The rising of a heavenly body takes place when 
its centre is on the eastern edge of the horizon; and its seééing when its 
centre is on the westcrn edge of the horizon. But since refraction causes 
bodies to appear higher than they really are, and its effect is greatest on 
the horizon, being then about 33’, it follows that a heavenly body is.on the 
horizon (visitng or selting) when its centre appears elevated rather more 
than half a degree above it. If it could be observed or recognised exactly 
on the horizon, it would then be more than half a degree below the horizon : 
thus, the heavenly bodies appear to rise earlier and set later than they should 
do, considered from an astronomical standpoint. The position of rising and 
setting is dependent upon the polar distance of the body. 

The old terms cosmical, achronical, and heliacal rising and setting are 
nearly obsolete: the cosmical rising and setting of a star or planet takes 
place when it rises and sets with the sun; rising at sunset and setting at 
sunrise, it is said to rise and set achronically ; rising a short time before 
the sun, or setting shortly after the sun, z.e., being visible for a brief period 
in the morning or evening twilight, indicates heliacal rising or setting. 

TWILIGHT is the effect of the illumination of the upper regions of the 
atmosphere by the sun, before he has risen or after he has set, at the place 
of the spectator. Twilight continues, generally, while the sun is less than 
18° below the horizon. 

DiurnaL Arcs are those parts of the parallels of Declination which are 
apparently described between the times of the rising and setting of a 
heavenly body ; NOCTURNAL aRcs are the parts of those parallels described 
irom the time of setting to the time of rising. SEMI-DIURNAL and SEMI- 
NOCTURNAL ARCS (or the halves of the preceding arcs) are those parts of 
the parallels intercepted between the Meridian and the Horizon. ‘The 
corresponding part of the Equator answering to the Semi-Diurnal Arc, 
gives the time between noon and the rising or setting ; and the equatorial 
part answering to the Semi-Nocturnal Arc, shows the time between mid- 
night and the time of setting or rising. 

ASCENSIONAL DIFFERENCE.—An arc of the Equinoctial intercepted 
between the Horizon and the Hour-Circle of the object at rising and setting ; 
jt is the time the Si rises before or sets after 6 o’clock. 

AMPLITUDE.—The Arc of the horizon between the East point and the 
centre of a heavenly body when vising, and between the Wesf point and its 
centre when seéling, is its amplitude. The term amplitude is only used in 
connection with the rising and setting of a heavenly body. 
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HELIOCcENTRIC.—Position referred to the centre of the Sun. 

GEOCENTRIC.—-Position referred to the centre of the Earth. 

The terms heliocentric and geocentric are applicable to latitude and 
longitude. 

The REDUCED ZENITH, AND THE ANGLE AT THE VERTICAL OR REDUCTION 
or LaTITUDE.—Since the Earth is a spheroid and not a sphere, the vertical 
line perpendicular to the plane of the horizon at the position of the observer 
does not coincide with the prolongation of the Earth’s radius, except at the 
poles and the equator; hence a line extending from the Earth’s centre, 
through the place of the observer, and thence into space, terminates in what 
may be called the Reduced (or geocentric) Zenith to distinguish it from the 
true or geographical Zenith, already described (see p. 213}. The intersection 
of the two lines is the angle at the vertical, and marks the difference between 
the geographical latitude and the geocentric latitude ; and thus this difference 
is also called the reduction of latitude. The geocentric is always less than 
the geographical latitude, the greatest difference between the two being 
about ro}’ in Lat. 45°; at the equator and the poles the difference is zero. 
In Nautical Astronomy it is chiefly the Moon’s elements and various lunar 
observations that are affected by the reduction of latitude. 

Disc.—The apparent flat surface of the Sun, Moon, or any planet. 

The CuLmINATION of a heavenly body is its greatest altitude, which 
occurs at the time of its passage across the meridian. 

TRansiT.—The passage of a heavenly body across any great circle of the 
celestial sphere is its transit ; the term is generally applied to that passage 
across the meridian which is nearest to the point of the horizon most remote 
from the elevated pole. The passage of one heavenly body across the disc 
of another is also called a transit; as the transit of Mercury and .Venus 
across the disc of the Sun, or the transit of a satellite across the disc of 
Jupiter. 

CompRESSION.--The ratio which the difference between the equatorial 
and polar diameters bears to the equatorial diameter. The Earth’s com- 
pression is something less than 335. 

Orsit.—The path described by the revolution of a planetary body round 
the Sun is called its orbit : similarly the path of a moon or satellite around 
its primary is its orbit. The orbit of all the heavenly bodies is more or less 
elliptical, the object around which it revolves being in one of the foci,— not 
in the centre, though near it. 

The PLANE OF THE ORBIT is the surface passing through the centres of 
the primary and secondary bodies, and the bounding line of which is the 
orbit. 

The INCLINATION OF AN ORBIT, as of that of the Moon or of any 
of the planets, is the angle between its plane and the plane of the 
ecliptic. 

PERIHELION.—-The point in an orbit which is nearest to the Sun. 

ApHELION.—The point in an orbit which is farthest from the Sun. 


The Rapius VECTor is the distance between the centre of the Earth, or 
any other planet, and the true. place of the Sun’s centre, on any given day. 
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PERIGEE.—The point of the Moon’s orbit which is nearest to the 
Earth; also, the point in which the Sun or a planet is nearest to the 
Earth. ; 

APOGEE.—The point of the Moon’s orbit which is farthest from the 
Earth; also, the point in which the Sun or a planet is farthest from: the 
Earth. 

The Line oF APSIDES is the line on the plane of the orbit joining the 
perihelion and aphelion points ; with regard to the Earth and the Moon, it 
is the line joining the perigee and apogee : hence it is the major axis of an 
elliptical orbit. 

Nopes.—The two opposite points where the orbit of the Moon, or that 
of any of the planets, appears to intersect the orbit of the Earth—the 
planes of the two orbits being inclined to each other at an angle—are 
called the nodes. The line joining these two points is called the LINE OF 
THE NODES. The node at which the object ascends from the south to the 
north side of the ecliptic is the ascending node ; that at which the object 
descends from the north to the south side of the ecliptic is the descending 
node. 

ELONGATION.—The angle under which a planet would appear from the 
Sun, when reduced to the ecliptic ; GREATEST ELONGATION is the greatest 
angular distance to which the planets recede east or west from the Sun; in 
respect to the Earth, the term is only applicable to the inferior planets, 
Mercury and Venus. 

ConjUNcTION.—The position of two or more heavenly bodies when they 
have the same longitude or right ascension ; with respect to the Sun and 
Earth, a planet is in SUPERIOR CONJUNCTION when in a line with the two 
bodies, but beyond the Sun: INFERIOR CONJUNCTION takes place when a 
planet is between the Sun and Earth. Planets more distant from the 
Sun than is the Earth can have no inferior conjunction. 

OpposiTion.—The position of two heavenly bodies whose longitudes 
differ by 180°. A superior planet is in opposition when the Earth is in the 
same straight line with, but between it and the Sun. 

QUADRATURE.—The position of two heavenly bodies whose longitudes 
differ by go°. 

PLANETARY MoTIon.—The inferior planets retrograde before and after 
inferior conjunction, and move directly in the rest of their orbits: the 
superior planets move directly before and after conjunction, and retrograde 
before and after opposition. 

Lunation.—The period the moon takes to complete her journey round 
the earth, viz., 29 days r2h. 44m, 2°8s. 

PHASES OF THE Moon.—The aspect or form in which the Moon appears 
in a lunation: at new moon she is in conjunction with the Sun, and hence 
invisible ; subsequently she takes a crescent form ; at first quarter she is in 
quadrature with the sun, and half her disc is visible : when more than half 
the disc is visible her form is gibbous: at full moon, when the whole disc is 
seen, she is in opfosition to the sun: she then proceeds to decrease her 
phases as she had previously increased them, and finally arrives again at 
new moon. 

N.B.—The inferior planets have phases like the moon. 
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Syzicies.—The term used for New and Full Moon; 7.e. when the Moon 
is in conjunction and opposition in respect to the Sun. 

LIBRATION OF THE Moon.—An apparent irregular motion of the Moon 
about her own axis, whereby we see a little more than one-half of the lunar 
disc. 

Eciipse.—When the disc of one heavenly body is partially or totally 
obscured by another, but opaque, body, or by the shadow of another body, 
the phenomenon is called an eclipse. 

An ECLIPSE OF THE Sun is the passage of the opaque disc of the Moon 
across the Sun, being then between the Earth and Sun. A solar eclipse can 
happen only when the Moon is mew ,; 1.e.,in conjunction with the Sun, and 
in the nodes, or near them. According to the position and distance of the 
bodies the eclipse may be partial, total, or annular ; in the latter case there 
is a ring of brilliant light round the opaque body of the Moon. ‘ 

An ECLIPSE OF THE Moon is the passage of the Earth between the Sun 
and Moon, when the Earth’s shadow is projected on the Moon. A lunar 
eclipse can happen only when the Moon is full ; i.e.,in opposition with the 
Sun, and in or near the nodes: it may be partial or total. 

An Eciipse of any of JUPITER'S SATELLITES takes place when the 
particular satellite is on that side of Jupiter which is opposite to the Sun ; 
the satellite then passes into the shadow of Jupiter. 

OccuLTATION.—When a fixed star or planet is obscured by the inter- 
position of the Moon, or when one of Jupiter’s satellites passes behind the 
body of the planet, the phenomenon is called an occultation ; the elements 
connected with occultations by the Moon, and the occultations of Jupiter’s 
satellites, are given in the Nautical Almanac to facilitate the determination - 
of terrestrial] longitude. . 

ABERRATION is an apparent motion of the heavenly bodies, occasioned 
by the progressive motion of light combined with the motion of the Earth 
in its orbit, and causing those bodies to appear in a different position from 
that which they really occupy—the true position being always in advance 
of the apparent. 

Nutation.—The oscillatory motion of the axis of the Earth, whereby its 
inclination to the plane of the ecliptic is not always the same, but varies 
backwards and forwards a few seconds. It is due to the action of the Moon 
on the Earth, and the position of every heavenly body as seen from the 
Earth is affected by it. 

Fixep STars.—This appears to be the place to introduce a matter of 
considerable importance in stellar observations, and for this purpose a 
catalogue of the stars of the first, second and third magnitudes is arranged in 
the order of their Declinations (see p. 219), so that you may understand, for 
any given place on the earth’s surface, the range of their visibility. 

With regard to an observer's position in either hemisphere the whole 
heavens may be divided into three parts--(1.) A part which is never 
below the horizon. (2.) A part which rises and sets. (3.) A part which 


never riscs above the horizon. 
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FixeD STARS DECcL. FIXED STARS DEcL. 
a Urs Minoris (Polaris) ....N 88-7 | a Aquile (Alfair) ........0666 8-6 
B Urse Minoris (Kochab) .... 74:6] a Orionis (Betelegeux).......+- 7°4 
Be Cephei ...-. ee eee eee eee 7o-r | a Serpentis (Unuk).........-- 6-8 
a Urse Majoris (Dube) ...... 62:4 | a Canis Minoris (Procyon) ..-- 5°5 
a Cephei (Alderamin) ........ 62-1 |) a Ceti (Menkar)........--.45 3°6 
a? DraconiS ....ee rece rer eens 61-8 | y Ceti... eee eee ee eee N 2°8 
a Cassiopei® 21.2... ee ee eee 55°Q | 5 Orionis ...... cece cence rene S 0-4 
y Urse Majoris .......--.4.+- 54°93 | a Aquarii .. ee eee eee eee eee ee o'9 
B Draconis .......ee eee eneee 52°4 | € Oriomis ....... eee eee eee eee 13 
y Draconis ....--...eeeeeeee 51-5 | a Hydre (Alphard) ........+- 8-2 
n Ursa Majoris (Beneinasch) .. 49°9 | B Orionis (Rigel) ....-.-.- 0 8-3 
a Persei (Mirfak) ......--00+- 49°5 | B Libre... . eee eee eee eee g°0 
a Aurige (Capella) .......06. 45°9 | @ Virginis (Spica) .......066+ 10°6 
GB CYBNL sca scaaeiietos someone 449 | a Libre ...... eee eee teens 15°6 
« Canum Venaticorum ....... 38-9 | a Canis Majoris (Sirius) ...... 16-6 
a Lyrae (Vega) .ceceeeceeenee 38-7 | a Leporis ....... cess eee eee ee 17'9 
a Geminorum (Castor) ....... Bar | B Ceti... cc cccccccaccnccace 186 
BELAUT  s csiceen caer eee es 28:5 | Bi Scorpii ...-- ee eee e evenness IQ°5 
a Andromeda (Alpheratz) .... 28-5 | a@ Scorpii (Anéares) ........-- 26-2 
B Geminorum (Pollux) .....4+ 28-3 | ¢« Canis Majoris ...........+. 28-8 
@ BOOS: oc secetecis cies oe ae aceite 27-6 | a Piscis Australis (Fomalhaut) . 30°2 
a Corone (Alphacca) ......... 27-1 | a@ Columbe .........-.-.004 34°L 
a Arietis (Hamel) .......- coos 22°90 | @ GruiS ...... ee eee eee eens oe 47°5 
y Leonis ........ selene iced ove 20:4] a Argits (Canopus) ......... os 52°6 
a Bootis (Arcturts) ........ .. xg8j a Pavonis...... Diwniase cies. HOT: 
a Tauri (Aldebaran) ........4- 16-3 | @ Eridani (Achernar) ......... 57:8 
B Leonis (Denebola) .......... 15-2 | « Argas ....... ietemelseme eel POOLS 
a Pegasi (Markab) .......++- 146 | B Centauri ..............000 * 59°8 
a! Herculis ...... ec eee ene eee 14°5 | a? Centauri....... aitecapicadsare che 60°4 
y Pegasi (Algentb) ......+.05. 14°5 | @ Crucis ..... cece eee eee eee 625 
@ Ophiuchi...... cece eee eee 126 | @ Trianguli Australis ......... 68-8 
a Leonis (Regitlus) .......+..- 125 | B Hydr ..... sc eee cence eee q7°9 
€ REBAST. \divis o's seis te eecncererecess 9:3 1 o Octantis ...............005 S893 


1. No star can set if its polar distance is less than the latitude of the ob- 
server’s position. Thus, for latitude 514° N., all the stars in the upper part 
of the catalogue, as far as Vega (2 Lyra) never set ; the polar distance (go° 
less the declension) of all of them being less than 514° they are civcumpolar, 
and it is to be observed that all such stars pass the meridian twice in 24 hours, 
—once above, and once below, the pole. 

2. Of the stars just indicated, some of them, at some hour of the day or 
night, must pass across the zenith, #.¢., directly overhead ; any star whose 
polar distance is exactly the same as the co-latitude will do so. Now the co- 
latitude of a place in lat. 513° N. is go° less 513° = 384°; and the polar 
distance of y Draconi, in the catalogue, is 383° since its declination is 513°; 
therefore this star must, at some hour, be on the zenith of the place in 
lat. 514° N. 

3. For the same position, viz., lat. 513° N., it is to be noted that all the 
stars above y Draconis, in the catalogue, mever come to the prime vertical, 
because their polar distance is less than the co-latitude ; when they pass the 
meridian above the pole they do so between the zenith and the pole ; when 
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they pass the meridian below the pole they do so between the pole and the 
North point of the horizon. 

Of the other stars that pass the meridian twice in 24 hours, those that 
lie between y Draconis and Vega in Lyra, will, when they pass the meridian 
below the pole, do so between the pole and the North point of the horizon ; 
but as their polar distance is greater than the co-latitude, they will pass the 
prime vertical in their revolution, and come to the meridian above the pole 
between the zenith and the South point of the horizon. 

4. It remains to show how many of the stars in this catalogue below 
Vega in Lyra can be seen in lat. 514° N. No star can be vistble tf its decli- 
nation and latitude have different names, and their sum exceeds go° ; casting 
your eyes down the catalogue you will see that the declination of « Gruis 
is 473° S., this added to lat. 514° N. exceeds 90°, the star is consequently 
beyond the range of your vision ; therefore you can see no bright star of the 
catalogue beyond @ Columbe when in 513° N. You can put the range of 
visibility into the other hemisphere in another form ; you can see no star 
the declination of which is greater than the co-latitude,—the declination 
differing in name from the latitude ; « Columba nearly answers to this. 

5. Thus then, in lat. 514° N., night by night and according to the 
season, some or other of the stars between Polaris and « Columbe will be 
visible ; all those in the catalogue, from Polaris to Vega (in Lyra), with 
declination exceeding 384° N., are cirvcumpolar, being never below the 
horizon ; all those below « Columbe, with declination exceeding 383° S., 
are never seen, for they never rise to the horizon ; and all those from Vega 
(in Lyra) toa Columbe, with declination less than 384° N. and 384° S. rise 
and set alternately. 

6. What has already been stated may be put in another, and (to some) in 
a simpler form,—using the terms Declination of a star, and Latitude of a 
place—hence its co-latitude— 

(a) With declination and latitude of the same name, bothN. or bothS., if 
the declination be greater than the co-latitude, such stars are never below the 
horizon of the observer, and are called civcumpolar stars. : 

Example.—In lat. 49° N., and hence co-lat. 41°, all stars having greater 
declination than 41° N. never set, and appear to revolve round the N. 
pole of the heavens. 

Example.—In lat. 42° S., and hence co-lat. 48°, all stars having greater 
declination than 48° S. never set, and appear to revolve round the S. pole 
of the heavens. 

(5) With declination and latitude of different names, one N. and the 
other S., if the declination be greater than the co-latitude, such stars are 

never above the horizon of the observer. 

Example.—In lat. 52° N., and hence co-lat. 38°, all stars having greater 
declination than 38° S. never rise above the horizon. 

Example.—In lat. 40° S., and hence co-lat. 50°, all stars having greater 
declination than 50° N. never rise above the horizon. 

(c) With declination and latitude of the same name, if the declination is 
equal to the latitude, such stars cross the zenith of the observer. 

Example.—Iin lat. 50° N., all stars having declination 50° N. pass directly 
overhead, in the zenith. . - , ‘ 

Example.—in lat. 44° S., all stars having declination 44° S. pass directly 
overhead, in the zenith. 
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(d) Whether declination and latitude are of the same or of different 
names, all stars having declination less than the co-latitude rise and set 
alternately. 

Example.—tin lat. 513° N., and hence co-lat. 383°, all stars having less 
declination than 384° N. or 384°S., or that range between decl. 384° N. and 
decl. 384° S., rise and set alternately. 

Example.—In lat. 44° S., and hence co-lat. 46°, all stars that range 
between decl. 46° S. and decl. 46° N. rise and set alternately. . 

Thus far it has only been necessary to speak of the stars and their visi- 
bility in relation to their declination, but you must clearly recognise the 
fact that even of those that do come within range, some will be visible at 
one hour, others at another hour, some at one season, others at another 
season, for they will rise, culminate, and set in the order of their Right 
Ascension, and relatively according to the right ascension of your own 
meridian. 


IV.—DEFINITIONS RELATING TO TIME AND ITS MEASURES 


The ARicFICIAL Day is the time elapsed between sunrise and sunset ; 
from sunset to sunrise is NIGHT; day and night vary in length with the 
latitude of the place, and the position of the sun in the ecliptic ; together 
they constitute the CIVIL or NATURAL Day of 24 hours, which commences at 
midnight and terminates at the midnight following : the first twelve hours 
are designated a.m. (from ante meridiem), being the hours before noon; the 
second twelve hours are P.M. (from post meridiem), being the hours after 
noon. With this method of reckoning time Nautical Astronomy has little 
to do, except incidentally. 

Primarily, however, the sun is our time-keeper, and gives us apparent 
time, but the intervals he marks are of unequal length. 

APPARENT TiME.—When the sun is on the meridian of any given place 
it is apparent noon, and the sun’s hour-circle coincides with the meridian. 
On the return to the same meridian the next day an interval called an 
APPARENT SOLAR DAY is marked out, and such a day may be characterised 
by the interval between two consecutive transits of the sun’s hour-circle 
across the celestial meridian. Any portion of time computed from an 
altitude of the sun, in the interval between two transits, is APPARENT TIME, 
or the hour-angle of the real sun. But, as before said, the solar or apparent 
day is of variable length : (xz) because the sun moves in the ecliptic and not 
in the equator, and (2) because the diurnal velocity varies with the Earth’s 
distance from the sun. 

“Mean TIME.—‘ Astronomers, with a view of obtaining a convenient 
and uniform measure of time, have recourse to a mean solar day, the length 
of which is equal to the mean or average of all the apparent solar days in 
a year. An imaginary sun, called the sean sun, is conceived to move 
uniformly in the Equator with the real sun’s sean motion in Right Ascen- 
sion, and the interval between the departure of any meridian from the mean 
sun and its succeeding return to it, is the duration of the mean solar dav. 
Clocks and chronometers are adjusted to meansolar time; so that a com- 
plete revolution (through 24 hours) of the hour-hand of one of these 
machines should be performed in exactly the same interval as the revolu- 
tion of the earth on its axis with respect to the mean sun. If the mean sun 
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could be observed on the meridian at the instant that the clock indicated 
oh. om. os., it would again be observed there when the hour-hand had 
returned to the same position.”—Nautical Almanac. From this it follows 
that mean noon is the instant when the mean sun's hour-circle coincides 
with the meridian; and a MEAN SOLAR DAY is the interval between two 
consecutive transits of the mean sun’s hour-circle across the celestial 
meridian. Also, MEAN TIME is the hour-angle of the mean sun. 

EQUATION OF TIME.—-As the time deduced from an observation of the 
drue sun gives us apparent (or true) time, we cannot tmmediately obtain 
mean time therefrom, without the application of the equation of lime, 
which is the difference, at any instant, between the apparent and mean 
times at that instant. Or, to define it more correctly, the equation of time 
is the angle at the celestial pole between the hour-circle of the true sun 
and that of the mean sun. This element is tabulated in the Nautical 

Almanac for every day, with instructions for its application. Four times 
in the year the equation is zero, viz., on a day in April, in June, in August, 
and in December, when the hour-circles of the true and the mean sun 
coincide: there must also be four maxima of divergence, and these occur 
on a day in February, in May, in July, and in November. 

SIDEREAL TIME.—There is yet another measure of time of great im- 
portance to the Navigator, viz., Sidereal Time, without which no computa- 
tions can be made which involve observations of the Moon, Planets, and 
Fixed Stars: in this case the First Point of Aries is the initial point of 
reckoning. It is Sidereal Noon at the instant when the hour-circle of the 
First Point of Aries coincides with the meridian ; and a sidereal day is the 
interval between two consecutive transits of the hour-circle of the First 
Point of Aries across the celestial meridian. Also, SIDEREAL TIME is the 
hour-angle of the First Point of Aries; or, for any given instant, it is the 
number of hours, minutes, and seconds which have elapsed since the First 
Point of Aries was on the meridian of the place of observation. 

A Sidereal Day is also the interval between the departure and the return 
of a star to the same meridian. Now, all the stars give the same exact 
duration of 23h. 56m. 409s. for the length of the sidereal day, instead of 
24 hours: consequently, the sidereal day, which is subject to no variation, 
is the period in which the earth makes one revolution on its axis ; and this 
acceleration of the sidereal on the solar day produces all the varied aspects 
we see in the heavens in the course of a year. The solar day would have 
the same length as the sidereal day if the earth stood still in space, and 
only turned upon its axis. 

The RIGHT ASCENSION OF THE MERIDIAN is the sidereal time at the place 
of observation. 

ACCELERATION OF SIDEREAL ON MEAN SOLAR TIME is the difference 
of time between a sidereal day and a mean solar day; it amounts to 
3m. 55"9094s., and by this quantity the First Point of Aries anticipates the 

sun in a mean diurnal revolution. ; 

Comparison of lengths of a mean solar day and a sidereal day— 


24 hours of mean time = 24h. 3m. 56°55548. sidereal time ; and 
24 hours of sidereal time = 23h. 56m. 4°0906s. mean time. 


The Civic DaY AND THE ASTRONOMICAL Day compared.—Both days con- 
sist of 24 hours ; put the Civil Day commences at midnight, while the 
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Astronomical Day commences at noon; the noon of each having the same 
date. 

Now, the Civil Day is divided into two portions of rz hours each ; that 
from midnight to noon being noted as a.M.; and that from noon to mid- 
night p.m.; thus we say, 8 a.M. if an event occurred at 8 o’clock in the 
morning ; and 8 p.m. if it occurred at 8 o’clock in the evening. 

But the Astronomical Day is reckoned from noon to noon, without the 
distinction of A.M. and P.M. Thus we say, rh., 2h., 3h., etc., 2oh., 2zh., 
22h., 23h.,—-prefixing the day to the hour. Hence, we should write— 


Civil time > May 8th at 3h. 40m. 20s. P.M. ; 

and corresponding Astronomical Date, May 8d. 3h. 40m. 20s. 

Also Civil time: May 8th at 6h. rom. 40s. A.M. ; 

but corresponding A stronomical Date, May 7d. 18h. 10m. 40s. 
as will be explained more fully in the sequel. 


The GREENWICH DATE is the time at Greenwich which corresponds 
to any given time at any other place on the earth's surface ; it is of the. 
utmost importance, for the purposes of Nautical Astronomy, to know 
this date whenever an observation of a celestial object is made, since all 
the elements in the Nautical Almanac connected with the Sun, Moon, 
Planets, and Fixed Starsare given fora definite time at the meridian of Green- 
wich, which may not, and generally will not, correspond to the time of 
observation elsewhere. 

The WEEK—a period of seven days—-has been in use among Eastern 
nations from time immemorial ; the same period was adopted by the Greeks 
and Romans, and the names of the days derived from the Sun, Moon, and 
five ancient planets, viz., Mercury, Venus, Mars, Jupiter, and Saturn. 
Similarly, our week-days are derived from the Saxon names of the same 
planets, as Woden, Friga, Tuisco, Thor, etc. 

An ANOMALISTIC MONTH is the period of the moon’s revolution 
. round the earth from perigce to perigee, which occupies 27-5546 days or 
27d. 13h. 18-624m. 

A’SyxonicaL Moxtu, which is also a lunation, is the average time in 
which the moon goes through all her phases, from one new moon to another, 
or from one full moon to another, and consists of 29°5305888 days, or 
2gd. 12h. 44m. 2-875. 

The CALENDAR MONTH of civil reckoning is a period varying from 28 to 
31 days, and was probably derived from the synodical month. There are 
12 calendar months in a year, each consisting of an integral number of 
days—as January, 31 days; February, 28 (29 leap-year); March, 31; 
April, 30; May, 32; June, 30;. July, 31; August, 31; September, 30; 
October, 31; November, 30; December, 31 days; making a total of 365 
days for the length of the common year, and 366 days for leap-year. 

A SIDEREAL YEAR is the time which elapses between the Sun’s leaving 
a fixed star until his return to it—in fact, the period the earth takes to go 
round the sun ; it consists of 365°25634 days, or 365d. 6h. 9m. g-4s. 

The ANOMALISTIC YEAR is the time the earth takes to return to perihelion, 
and consists of 365d. 6h. 13m. 45°78. 

The SoraR YEAR—called also a TROPICAL or EQUINOCTIAL YEAR—is the 
year of the seasons, and marks the period in which the sun moves from the 
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vernal equinox to the vernal equinox again, 7.e., it marks the interval of 
time between two passages of the sun through the tropics or equinoctial 
points; owing to the precession of the eyuinoxes this period is Jess than 
a sidereal year, its average value—called a Mean SoLaR YEAR—being 
365°242216 mean solar days, or 365d. 5h. 48m. 474s. 

The CALENDAR OR ORDINARY YEAR of civil reckoning consists of 365 
days, and is derived from the Mean Solar (or Tropical) Year; the latter, 
however, being 5h. 48m. 474s. (nearly a quarter of a day) in excess ot 365 
days, the excess is allowed to accumulate until every fourth year, by which 
time it has amounted to nearly a day, and thus every fourth year (with 
certain exceptions) consists of 366 days, and is called Leap Year or Bissex- 
tile. The additional day is given to the month of February. 

But the increase of the length of the year by one day every fourth year 
would still produce an error in the lapse of time, as the excess of the mean 
solar year over 365 days is about 11m. 124s. less than a quarter of a day ; 
the error (within a very small amount) is corrected by the following rule of 
intercalation— 

1. For years that ave not even centuries: If the year, when divided by 
four, leaves a remainder, such year is ordinary, consisting of 365 days; if 
there be no remainder, the year is bissextile (of 366 days). 

2. For years that are even centuries: Jf the number of centuries, when 
divided by four, leaves a remainder, the year is ordinary; if there be no 
remainder, it is bissextile. 


Thus—1889g, 1890 and 1891 are ordinary years (of 365 days). 
1888, 1892, 1896 are bissextile years (of 366 days). 
Also—1g00, 2100, 2200, 2300 are ordinary years. 
2000, 2400, 2800, 3200 are bissextile years. 
According to this arrangement every period of 400 years consists of 
97 bissextile years, or 35,502 days 
and 303 ordinary ,, or I10,595 


» 


146,097 days 


the 400th part of which is 365-2425 days, or only 000028 of a day in excess 
of the mean solar year. 

The error (an excess) will amount to a day in about 3,600 years, which 
the late Sir John Herschel proposed to correct by making every 4000th year 
lose its Jeap year, by which method there would not be an error of a day in 
28,000 years. 

The Bissextile Year was introduced into the calendar by order of 
Julius Cesar, B.c. 45 ;° and a subsequent adjustment was made by Pope 
Gregory XIII. in 1582, but not adopted in Great Britain until 1752, when 
the third day of September was (by Act of Parliament) called the 14th ; and 
then commenced the New Siyle. 

This part of the work may be aptly closed by introducing Professor Ball’s 
note on the various Cycles. ; 

Periods connected with the Sun and the Moon.— If the nodes of the 
moon were fixed, then the period of revolution of the sun with regard to 
those nodes would be simply equal to the sidereal year. On account, how- 
ever, of the regression of the _moon’s nodes, the sun returns to the same 
node in a period less than a single year. This period amounts to 346-619 
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days. From a comparison of this period with that of the moon itself a 
very remarkable result is obtained. If the moon revolved actually in the 
plane of the ecliptic, then the centre of the moon would in each revolution 
pass across the centre of the sun, and the moment of this occurrence is 
called the time of new moon. Owing, however, to the circumstance that 
the orbit of the moon is inclined to the plane of the ecliptic, the moon will 
not usually pass over the surface of the sun. It is therefore necessary to 
modify the definition of new moon accordingly. We define the time of 
new moon to be the moment when the longitude of the centre of the moon 
is equal to the longitude of the centre of the sun. The interval betwéen 
two successive new moons is termed a dination, and it is by this period that 
the successive phases of the moon are regulated. The length of the lunation 
is such that 223 lunations make 6585-32 days. Thus 19 periods of the 
revolution of the sun with respect to the nodes of the moon coincide very 
nearly with 223 lunations. This remarkable period, amounting to about 
18 years 11 days, is of service in the prediction of eclipses. It is known 
as the Saros. 

** Another very remarkable period arises from the circumstance that 235 
lunations form 6939-69 days, while 19 years of 365-25 days amount to 
6939°75 days. We therefore conclude that 19 years are nearly identical 
with 235 lunations. This is the Cycle of Meton. If the dates of new moon 
and full moon are known for a period of 19 years, they can be predicted 
indefinitely, for in each subsequent 19 years the dates are reproduced in 
the same manner. The number which each year bears in the Cycle of 
Meton is called the golden number. In 1888 the golden number is 8. In 
18&x the golden number was 1, being the commencement of a new cycle. 

“ The period called the Solar Cycle is founded upon the recurrence of the 
day of the week upon the same day of the month. Owing to the complica- 
tion produced by leap year, this period is 28 years. In the year 1888 the 
Solar Cycle is said to be 2. This signifies that 1888 is the twenty-first of 
one of these groups of 28 years. The cycle known as the Roman Indiction 
is a period of 15 years. Though this cycle is not connected with any 
astronomical phenomenon, it is still retained. Thus the year 1888 is the 
first year of the Roman Indiction and the commencement of a new cycle. 

“Tn the Almanacs it is usual to find a certain number stated as the 
Julian Period. Thus, for example, 1888 is the 6601st year of the Julian 
Period. This cycle arises from the three numbers 19, 29, 15, which repre- 
sent the entire periods of the Cycle of Meton, the Solar Cycle, and the 
Roman Indiction respectively. It appears that in a period of r9 x 28 x 15 
= 7,980 consecutive years there are not two years which have the same 
Golden Number accompanied with the same Solar Cycle and the same 
Roman Indiction., There is thus a new period, called the Julian Period, 
consisting of 7,980 years. The first year of this period is 4713 B.c., which 
has been adopted, because each of the three other cycles had the value r on 
that year. This period will continue till the year A.D. 3267.”—R. S. Ball’s 
Elements of Astronomy 

It remains now to illustrate by Diagrams, as far as it is possible to do 
so on a flat surface, some of the termsin Nautical Astronomy that have been 
defined in words ; for this purpose Fig. 1, plate VII. is taken as a projection 
ig col eeren SPHERE ON THE PLANE OF THE OBSERVER’S MERIDIAN in 
at. 49° N. 
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The outer circle of Fig. x is the celestial meridian passing through the 
north and south points of the horizon, the zenith, and the pole. Other im- 
portant great circles, as the horizon, the equinoctial, and the prime ver- 

. tical are of necessity represented by straight lines. The observer is supposed 
to be standing in the centre of the projection with the various circles arcund 
him meeting in their respective poles ; then— 

H H is the rational horizon, with H (N) the north point, and (S) H the 
South point ; E (in the centre of the diagram) will be the east point, and 
must also stand for the west point (whichis represented only in imagination). 
The great circle of the horizon is divided into four quadrants by a plane 
passing through the north and south points, and another passing through 
the east and west points. 

P (N) is the north pole, and (S) P the south pole of the celestial sphere, 
towards which the great circles called hour-circles and the circles of declina- 
tion trend. 

Z is the observer’s zenith, or point directly overhead; N is his nadir, 
or the point in the opposite hemisphere, beneath his feet. 

Q Q’ is the equinoctial, or celestial equator, coincident with which great 
circle is the sun’s path on the 20th of March and 23rd of September, 
giving equal day and night to all parts of the earth. The plane of the 
equinoctial passes through the E. and W. points of the horizon (represented 
at the centre of the diagram). ; 

Z FE: N is the prime vertical, which passes through the E. and W. points 
of the horizon, and whose plane is perpendicular to the meridian, the - 
latter passing through the N. and S. points of the horizon. 

PE P is the six o’clock hour-circle. . 

H {N) P (N) is the arc of the meridian representing the altitude of the 
elevated pole, which is also the latitude of the observer's station—here 
projected for lat. 49° N. 

P (N) Z is the co-latitude (7.e., the complement of the latitude). 

The line joining D D’”, cutting the plane of the ‘equinoctial at E, repre- 
sents the plane of the ecliptic whose obliquity in respect of the equinoctial 
is 233°. 

D D’ is the small circle representing the parallel of the sun’s greatest 
northern declination (23° 27’ N.) on the 21st of June. 

(S) H D is the arc of the meridian representing the sun's altitude (i.e., 
the meridian altitude) at noon on the 21st of June. 

Z D is the arc of the meridian representing the sun’s meridian zenith 
distance on June 2ist. 

H (N) D’ is the distance to which the sun descends below the horizon 
on June 21st. 

7 is the place of the sun’s rising and setting, on June 2tst, and Ez is the 
sun’s Amplitude, reckoned from the east point at rising, and from the 
west point at setting, towards north, because the declination is (in this 


case) N. : 
7 D is the semi-diurnal arc representing half the length of the longest 


day, in lat. 49° N., and— ade’ 
e D’ is the semi-nocturnal arc representing half the length of the shortest 


night for the same position. . 
‘i Similarly, D” D’” is the parallel of the sun's greatest southern declination. 


(23° 27’ S.), on the 21st of December. 
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(S) H D” is the sun’s meridian altitude on December 21st in lat. 49° N. 

Z D’ is the sun’s meridian zenith distance on December ist. 

H (N) D’” is the distance to which the sun descends below the horizon 
on December 2ist. 

y’ is the place of the sun's rising and setting on December 2st; and E. 7’ 
is his amplitude, reckoned from the east point at rising, and from the west 
point at setting, towards south because the declination is (in this case) S. 

7 D" is the semi-diurnal arc, representing half the length of the shortest 
day, and— 

ry D’” is the semi-nocturnal arc, representing half the length of the longest 
night. 

TT’ is the small circle, parallel with the horizon H H, and 18° below 
it, indicating the extent of twilight. The sun is on this circle before 
rising, at dawn, at the beginning of twilight, and on it again after setting, 
at the end of twilight. 


It has been stated above that the projection of the diagram (Fig. x, plate 
VII.) is for an observer's station in lat. 49° N.; it is further projected to 
illustrate an observation of the sun when the declination is 17° N., as on 
the 7th of May or 4th of August, 1888. 

© is thesun, and d © @’ is the parallel of his declination (17° N.) on either 
day. 

r” will be the place of the sun’s rising and setting ; and E 7’ is the rising 
. and setting amplitude, reckoned from East at rising, but from west at setting, 
toward north as the declination is N. : 

S is the sun’s place on the six o’clock hour-circle, and V is his place on 
the prime vertical. 

Taking © as the place of the sun at between 8h. and gh. A.M. or between 
3h. and 4h. p.m.; then A © is his altitude, and Z © his zenith distance. 
The dotted line a a’ is the sun’s parallel of altitude. 

C © is the arc of the sun’s circle of declination representing 17° N., 
and P (N) © is the sun’s north polar distance, 73°. 

Three sides of a spherical triangle (viz., P (N) Z the co-lat., Z © the 
zenith distance of the sun, and P (N) @the Sun’s N. polar distance) are given 
to find the hour-angle and azimuth; it is customary, however, to use the 
latitude and altitude instead of their complements. 

© P (N) Z is the sun’s hour-angle, or meridian distance measured 
on the equinoctial by the arc CQ; © Z P (N) is the sun’s azimuth from 
the north measured by the arc of the horizon H (N) A; and © Z (S) H is 
his azimuth from the south, measured by the arc of the horizon (S) H A. 

(N) P © P (S) is the sun’s hour-circle, and Z@ A N his vertical circle 
for altitude and azimuth. 

(S) H d@ is the sun’s meridian altitude on the day, and Z d his Meridian 
Zenith distance. 

ry’ dis the semi-diurnal arc representing half the length of the day,. 
and, as @’ would be the sun's position at midnight below the horizon, r* a’ 
is the semi-nocturnal arc representing half the length of the night. 

r" ¢ would be the limit of the duration of twilight, and 7” s the ascensional. 
difference. 

P2 


228 NAUTICAI. ASTRONOMY 


Having in Fig. 1, plate VII. illustrated the various circles of the sphere 
by means of a diagram drawn on the plane of the observer's meridian, it 
remains to depict them from another aspect—vzz., on a projection in which 
the observer is supposed to be surveying the entire plane of the horizon 
from the zenith as his standpoint—hence he sees the whole hemisphere 
which is above the horizon. 

In such a projection (see Fig. 2, plate VII.) the hozizon is the bounding 
circle, with the zenith as its centre ; hence al] circles that pass through the 
zenith, as the meridian, prime vertical, and other vertical circles, must appear 
as straight lines. 

NES W N isthe horizon, with Z (the zenith) at the centre: Z, and its 
opposite point at the nadir, are the poles of the horizon. 

The cardinal points of the horizon are: N, the north; E, the east ; S, the 
south ;} and W, the west. 

P is the elevatcd pole; and N P the elevation of the pole—equal to the 
latitude of the observer’s station. 

N Z S is the meridian of the observer's station, cutting the horizon in the 
N. and S. points ; E and W are the poles of the meridian, and go° from every 
point on that circle. Also, all circles that cut the meridian at right angles 
meet at the points E and W. 

E Z W is the prime vertical, at right angles to the meridian, cutting 
the horizon in the E. and W. points; N and S are the poles of the prime 
vertical. 

E P W is the six o'clock hour-circle. 

E Q W is the equinoctial or celestial equator. 

Supposing © to be a heavenly body ; then P © is its polar distance; o Ais . 
its altitude, cast of the meridian ; and © A’ itsaltitude, west of the meridian ; 
Z Po (on the right of the diagram) is its casterly hour-angle or meridian 
distance, and Z P o (on the left of the diagram) is its westerly hour-angle, 
or meridian distance; S Z A (on the right of the diagram) is its azimuth 
between south and east, and S Z A’ (on the left of the diagram) is its azimuth 
between south and west ; supposing it to have risen at 7, it would set ats; 
having Ez for its amplitude at vistng, and W s for its amplitude at setting. 

Again, let the circle represent the equinoctial 
with the pole as its centre, and all the celestial N 
meridians must appear as straight lines. PQ 
is the meridian of the place, P S B is the A 
meridian passing through the object S, and 
P S’ Cis the meridian through S’.. Let A be the m 
position of the first point of Aries, M that of 
the mean sun, S that of true sun, and S’ that 
cf a star; then Q M is the mean time at place, 
Q B is the apparent time at place, M B is the 
equation of time, Q M A is the sidereal time tC 
at place or right ascension of the meridian, 

A Mis the right ascension of the mean sun, 

AB is the right ascension of the true sun, ; 

AM Q C is the right ascension of the star, QO BA Cc is the westerly hour- 
angle, and Q Cis the easterly hour-angle of the star S’, 


ee 
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LONGITUDE AND TIME 


The circumference of every circle is divided into 360 equal parts, called 
degrees ; now the earth, whose circumference as a sphere is 360°, turns on 
‘its axis in the direction of this circumference once in 24 hours; therefore 
the 360° of circular measure are the equivalent of 24 hours; dividing 
360 by 24 we get 15, and hence 15° of circular measure are the equivalent 
of r hour. We say, astronomically, that as a complete rotation of the earth 
on its axis is performed in 24 hours, meridians 15° as under are thus brought 


‘to the sun at regular intervals of.one hour. This gives us the following 
Table :— 


In Angular Measure (Arc). In T:me. 
OOF sere nated ela ain tone = 24 hours. 
TR. ce Sie ed osaaians = 1 hour. 
Tee a si apenas ap S58 = 4minutes (i.e., the 15th part of an hour). 
15/ (1.e., } of a degree) = 1 minute. 
Ties wate. avs aoe Rare = 4seconds (7.e.,the 15th part of a minute). 


I second. 


This Table furnishes the following rules for converting longitude into 
time, or time into longitude : 


I. To Convert LoNGITUDE (OR ARC) INTO TIME, the shortest method 
is to multiply the degrees and minutes (° and ’) of arc by 4, then the minutes 
(’) of arc become seconds of time, and the degrees become minutes of time, 
which reduce to hours by dividing by 60. : ‘ 

Or the conversion may be made at sight by Table (Norie's Tables, p. 198). 


Example.—Convert 137° 26’ into its equivalent time. 


H. M. S. 
137° 26’ By Tab. 137° =9 § 
4 26° = I 44 
6,0)54,9m. 448. 9 9 44 
gh. 9m. 44s. 


Example.—Convert 107° 11’ 40” into time. 


H. M. S. 
107° rx’ 40” By Tab. 107° =7 8 
4 . bo iy ——) O 44 
16,0)42,8 46 4o( = 7) 40"°= 0 267 
7b. 8m. 46-78. 7 8 quer 
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II. To Convert TIME inTO LonciTuDE (ARc), multiply the time by 15 
(or by 3 and 5 successively, since 3 x 5 = I5); then the seconds of time 
become seconds (”) of arc, the minutes of time become minutes (’) of arc, and 
the hours become degrees. ; 

Or, if we turn the hours into minutes, and divide by 4, then the minutes 
of time give degrees, the seconds of time give minutes (’) of arc, and the 
remainder (if any) multiplied by 60 and divided by 4 gives seconds (") of 
arc. 

Or the conversion may be made at sight by Table (see Norie’s Tables 
p. 198). 

Example.—Convert 8h. 4om. 34s. into longitude (or arc). 


a OM. «CS. HH. OM «6S. 
8 40 34 Orthus,8 40 34 By Tab.8h. = 120° 
3 60 yom. = I0 0° 
26 I 42 4)520m. 34s. 345. = 8’ 30” 
5 130° 8’ 30” 130° 8’ 307 
130° 8’ 30” 


By these Rules we get the following results, which you can work out 
and prove: 


Long. Time. Time. Long. 
Hq. M. S. XH. M. S. 

0°47' o” = 0 3 8 0 240 = 0°40’ 

I2 49 0 = oO 51 16 I 53 20 = 28 20 
1o8 53 30 = 7 15 34 5 21 46 = 80 26 30” 
169 20 45 = II 17 23 9 37 22 = 144 20 30 
137 43 1§ = 9 10 53 II 59 59 = 179 59 45 
97 23 36 = 6 29 34-4 7 49 29 = II7 22 15 


CoMPARISON OF CIVIL TIME AND ASTRONOMICAL TIME 


Civil Time.—For business purposes and the registry of the common 
transactions of daily life, it has been deemed more convenient to begin 
the day at midnight, that is when the sun is on the meridian at its lower 
transit. 

But the civil day—consisting of 24 hours—is divided into two periods. 
of twelve hours each, v7z., from midnight to noon, marked a.m. (ante 
meridiem), and from noon to midnight, marked p.m. (post meridiem). 

Astronomical Time.—A solar day at any place is the interval of time 
between two successive transits (passages) of the sun’s centre over the 
meridian of that place: and solar tzme at any instant is the westerly hour 
angle of the sun at that instant. ; 

The solar day (it may be apparent, or it may be mean time) is conceived 
by astronomers to commence at noon {apparent or mean), and is divided 
into twenty-four hours, numbered successively from o to 24, 

Astronomical time (apparent or mean) is, then, the hour angle of the 
sun (apparent or mean), reckoned on the equator westward throughout 


its circumference from oh. to 24h. . y 
a.m. and p.m. never appear in astronomical time. 
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To convert civil time into astronomical time.—Since, from what has been - 
said above, civil-time agrees with astronomical time from noon to mid- 
night, while from midnight to noon they differ, hence the vales— 

1. If the civil time is p.m., and thus referring to the hours from noon 
to midnight, it agrees with the astronomical time; thus— 


Civil T., May 4th 5h. 20m. p.m.=Astronomical T., May 4d. 5h. 20m. 
Astronomical T., Sep. 20d. roh. 42m. =Civil T., Sep. 2oth 10h. 42m. p.m. 


2. If the civil time is a.m. and thus referring to the hours from mid- 
night to noon, add 12h. to the civil time and write the date a day back, 
to get astronomical time. 

Or, to get civil time from astronomical time, subtract 12 hours from 
the astronomical time and write the date a day forward. 


Civil T., Jan. r9th 5h. 17m. 4s. p.m. = Astron. T., 19d. 5h. 17m. 4s. 
Civil T., May 4th 5h. 42m. a.m. = Astron. T., May 3d. 17h. 42m. 
Civil T., Aug. 1st 9h. 20m. a.m. = Astron. T., July 31d. 21th. 20m. 
Astron. T., Dec. 3d. 15h. 5m. = Civil T., Dec. 4th 3h. 5m. a.m. 
Astron. T., Jan. 31d. 18h. 3m. = Civil T., Feb. rst 6h. 3m. a.m. 
Astron. T., Dec. 31d. 18h. om. = Civil T., Jan. rst 6h rom. a.m. 


TIME AT DIFFERENT MERIDIANS, AND GREENWICH DATE 


Solar or Sun Time is measured by the daily motion of thereal or true 
sun; it is called the apparent time. 

An apparent solar dav is the interval of time between two successive 
transits of the sun’s centre over the same meridian. -It is apparent noon 
when the real sun’s hour circle coincides with the meridian of the place, 
that is, when the sun’s meridian altitude is observed for the latitude; it 
is the readiest and most natural measure of time, and hence the st of 
time adopted by the navigator at sea is the apparent solar day. 

But these intervals, though convenient for sea purposes, are not equal, 
and therefore cannot be taken as a standard, since the sun describes in a 
‘day an arc of 57’-2 of the ecliptic in July, and of 61’-2 in December. This 
want of uniformity in the real sun’s motion is obviated by the adoption of 
a fictitious, or mean sun, which is supposed to move in the equator with a 
uniform velocity, which is the mean velocity of the true sun in tke 
ecliptic. 

Hence mean time is the westerly hour angle of the mean sun; a mean 
day is the interval between two successive transits of the mean sun over the 
meridian ; and can noon is the instant when the mean sun’s hour circle 
coincides with ‘the meridian. 

Mean time, being perfectly equable, and lapsing uniformly, is measured 
by the chronometer when the correct rate is applied from day to day. 

The difference between apparent and mean time is the eguation of time. 
Four times in the year—in April, June, August, and December—apparent 
and mean time coincide; in the intervals they differ, and their greatest 
difference occurs in February, May, July, and November. 

The cguation of time is used to convert apparent time into mean time, 
and mean time into apparent time. Thus, if the apparent time be given, 
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the corresponding mean time will be found by adding or subtracting the 
equation of time according to the precept at the head of the column in 
which it is found on p. 1. of the month in the Nautical Almanac. If the 
mean time be given, the apparent time is found by applying the equation 
of time as directed by the precept on p. II. of the month in.the Nautical 
Almanac. 

The westerly hour angle of the sun at any meridian is the /ocal (solar) 
time at that meridian ; i.c., the time at place which may be apparent or 
mean. 

The westerly hour angle of the sun at the Greenwich meridian at the 
same instant is the corresponding Greenwich time. 

The difference between the local time at any meridian and the Green- 
wich time is equal to the longitude of that meridian from _Greenwich, 
expressed in time, on the basis of th. = 15°. 

The difference between the local time of any two meridians is equal 
to the difference of longitude of those meridians. 

In comparing the corresponding times at two different meridians, the 
most easterly meridian may (owing to the earth rotating on its axis from 
west to east) be distinguished as that at which the time is greatest, or most 
advanced ; inasmuch as the sun will rise, culminate, and set at any given 
meridian earlier than at any meridian to the westward of it : for example, 
at a given instant of absolute time on March zoth, the sun (by local time) 
will be setting at 6h. p.m. in the middle of the Bay of Bengal, it will be on 
the meridian (noon) at Greenwich, and be rising at 6h. a.m. ia the middle 
of the Gulf of Mexico. 

N.B.—The local time, at sea, is usually called the time at ship. 

The Greenwich date, either exact or approximate, is essential for the 


correction of the data from the Nautical Almanac ; and the first step in any 
computation is as follows— 


Given the Time at Ship and Longitude, to find Greenwich Date 


I. Express the ship date as astronomical time. 

2. Convert the longitude into time, and write it under the ship date. 

3. If the longitude is west, add it to the ship time. 

N.B.—If the sum of the hours is more than 24h., reject 24h., and carry 
one day to the date. 

4. If the longitude is east, subtract it from the ship time. 

N.B.—If the longitude exceed the hours at ship, add (mentally) 24h 
to the ship time, and put the date one day back. 

Find the Greenwich date in each of the following examples— 


Example 1,—May 10th, time at ship being 4h. 42m. 2os. p.m., in long 
48° 32’ W. 


DH. mM. OS. 


Long. 48°32" Ship date; May 10 4 42 20 
4 Long.intime .... 3 14 8 W. 
6,0119,4 85. Green. date, May 10-7 56 28- 


gh. rgm. 85. 
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Example 2.—August 4th, time at ship 8h. 50m. 12s. a.m., in long. 
134° 12’ W. 
DB H. M. S. 
Long. 134° 12’ W. Ship date, August 3 20 50 12 
In time 8h. 56m. 48s. Long. in time...... 8 56 48 W. 


Green. date, August 4 5 47 0 


Example 3.—August Ist, time at ship gh. gom. p.m., in long. 49° 15’ E. 


D. H. M. 
Ship date, August r 9 40 
49° 15’ E. long., in time ....... 3.17 E. 


Green. date, August 1 6 23 


Example 4.—December 5th, time at ship 4h. 32m. p.m., in long. 
127° 30’ E. 


D. 4H, M. 
Ship date, December 5 4 32 
127° 30’ E. long., in time........... 8 30E. 





Green. date, December 4 20 2 


Approx. Sup TIME. Lona. Approx. GREEN. DATE. 

H. Mm. OS. Db. H. M. S. 

Ex. 5. Aprilist 3 46 op.m. go° 4’E. = March3r 21 45 44 
Ex. 6. May roth 7 40 20a.m. 64 55 W. = May 10 0 0 Oo 
Ex. 7. Feb. r8th 8 7 oam. tro 30 W.'= Feb. 18 3 29 0 
Ex. 8. Sept. 30th 8 10 oa.m. 175 30 W. = Sept. 30 7 52 0 
Ex, 9. Feb. ist 7 1% 50 p.m. 165 o E. = Jan. 31 20 rr 50 
Ex.10. June rst 0 0 0 (noon) 64 39 E. = May 31 19 41 24 


These examples show you how, through an approximate time at ship, 
and longitude by dead reckoning, you can get an approximate Greenwich 
date. The method of proceeding is essential, inasmuch as all observations 
at sea are referred to chronometers regulated to Greenwich mean time, and 
as these instruments are only marked on the face or dial from oh. to 12h., 
it becomes necessary to distinguish whether it is a.m. or p.m. at Greenwich, 
and hence when it is necessary to increase the chronometer time by 12h. 


To find the correct Greenwich Date by Chronometer 


Proceed as by previous rule to get the approximate Greenwich date, then 
apply the error to the chronometer time, and give the result a date corre- 
sponding to the approximate date, adding 12 hours to the time by chrono- 
meter when necessary to make them agree. 

Example 1.—May toth, at about 4h. 42m. p.m. at ship, in long. 48° W., 
the chronometer read 7h. 56m. 22s., which was slow on Greenwich mean time 
3m. 25s. Find the correct Greenwich date. 


a DBD. HH. M. D- H. M. S. 
Ship date ........ May io 4 42 Time by chron. ...... 7 50 22 
Long. 48° W. ...-........ 3 12 Slow: Giessen + 325 





Approx. Gr. date, May1o 7 54 Cor. Gr. date,M.T.May10 7 59 47 
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Example 2—July toth, at about 8h. 50m. a.m. at ship, in long. 134° W., 
the chronometer read 6h. om. 1ros., which was fast on Greenwich mean 
time 6m. 11s. Find the correct Greenwich date, mean time. 


D. #H. M. D «KR. OM. S. 

July 10 8 50a.m. Time by chron..... 6 o10 

Ship date.... July g 20 50 Bastsscanrey: = 62x 
Long. 134° W. ...... 8 56 Cor. Gr. date, M.T. Julyro 5 53 59 


Approx. Gr. date, July ro 5 46 


Example 3.—August 6th, at about 4h. 32m. p.m. at ship, in long. 127° E., 
the chronometer read 8h. om. 35s., which was fast on Greenwich mean time 
im. 40s. Find the correct Greenwich date, mean time. 


D OH. M. DH M. Ss. 
Ship date ...... August 6 4 32 en {+ 12h.) 20 0 35 
Long. 129° E, sreisieescrcre 0:0 8 28 28 Fast ......ceeeee — I 40 


Approx. Gr. date, August 5 20 4 4 se date, M.T. Aug. 5 19 58 55 


Example 4.—April Ist, at about 8h. 7m. a.m. time at ship, long. 45° W., 
the chronometer read 11h. 5m. 49s., which was 6m. 50s. fast on Greenwich 
mean time. Required the correct Greenwich date, mean time. 


DBD oO. OM. D «6. UM. SL 
April 1 8 7a.m. Time by chron. (+12h.)} 23 5 49 
. Fast isa ee — 650 


Ship date .... Mar. 31 20 7 Ss 
Long. 45° W. ...... 3 Cor. Gr. date, M.T. Mar. 31 22 58 59 


Approx. Gr. date, Mar.3x 23 7 


Verify the following examples for getting the correct Greenwich date— 


Approx. Sarr Torr. Loxe, Canon. Exuror. Con. GnEEn. Date. 

nn. M. . Hw. M. 8. M. OB. D HM. & 

Ex. 5. Aug. 3rd 3 2 PM. 75° W. 81r 7 6 10 fast=Aug. 3 8 4 57 
Ex. 6, Dec. 7th 1 34M. 150° E. 314 14 25 19 fast=Dec. 6 2 48 55 
Ex. 7. Feb. 13th 8 7 Pm. 135° E. 10 37 13 30 30slow= Feb. 12 23 7 43 
Ex. 8. Jan. 15th 3 30 p.m, 75° W. 825 2 3.15 fast=Jan.15 8 21 47 
Ex. 9g. Sept. rt 8 oa. 75° E. 3.15 20 3 15 fast=Aug.3r 1§ 12 § 
Er. 10 May 20th 7 56 a.m. 154° W. 6 0 20 11 32slow=May 20 6 11 52 
Ex. 11. Nov. 6th 3 46 P.M, 129° E, 7 0 26 4 39slow=Nov. § 19 5 §5§ 
Ex. 12, Dec. ist 0 6PM. 179° E. o 012 6 58slow= Nov. 30 12 7 10 
- Ex. 13, Feb, qth & 22 a.ss. 96° W. 2 50 27 8 37 fa:t=Feb, 4 2 41 50 


I. N.B.—When it ts noon at ship in west longitude, the Greenwich date 
is the longitude in time. 

Example. —May 15th, noon at ship in long. 95° W. (= 6h. 20m.), the 
Greenwich date is May 15d. 6h. 2om. 

2. N.B.— When it is noon at ship, in longitude cast, subtract the longi- 
tude in time from 24h.,-and the remainder will be the mrpeawiche date of 
the preceding day. 

Example—May 15th, noon at ship in long. 152° E. (=10h. §m.), the 
Greenwich date is May 14d. 13h. 52m. 


Note.—This method clears up the ambiguity that sometimes exists in connection with the 
indicated hour by chronometer and its relation to the correct Greenwich date. 
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Given the Greenwich Date, Mean Time, Longitude, and Daily Reckoning, 
to find the Ship Date 


Under the circumstances it is most appropriate, in connection with 
the time at Gre:nwich and the time at ship, to use the terms ‘“‘ Greenwich 
date and “ Ship date ’ inasmuch as time is too often taken to imply merely 
hours, minutes, and seconds, to the neglect of the day to which those data 
belong. Itis only by using the term date, which implies day, hours, minutes, 
and seconds, that a proper comparison between the times at the various 
meridians can be made ; and in the absence of a due appreciation of this fact 
it is by no means certain that the student will have obtained correct elements 
from the Nautical Almanac, or a correct determination of longitude, as 
ari-ing out of the difference between the ship date and Greenwich date. ‘This 
is the reverse process to that given in the preceding examples; and the 
Greenwich date is taken to be the time by chronometer corrected for 
error and daily rate, and is hence always Greenwich mean time. 

1. To the Greenwich date add the longitude in time, if longitude is east. 

2. From the Greenwich date subtract the longitude in time, if longttude 
is west. 

If the ship date exceeds 12h., subtract xr2h. from it, for civil time 
a.m., and add x to the astronomical day for the ship day. 




















D. OH. M. S. D. H. M.S. 
Ex.1, Green. date, Nov. 7. 7 56 40 Ex. 2. Green. date, May6 8 40 56 
Long. 48° 32°E. + 3 14 8 Long. 49°75’W.-—- 317 0 
Ship date, Nov. 7 11 10 48 Ship date, May6 5 23 56 
Or, , » Nov. 7th rz ro 48p.m. OF, “sas May 6th § 23 56p.m. 
Ex. 3. Green. date, June 8 22 4 12 Ex. 4.Green. date, Feb.5 2 0o 21 
Long. 62° E. +r 4 800 Long. go° 47 W.— 6 o 16 
Ship date, June g 2 12 12 Ship date, Feb.‘4 20 0 5 
Or, ,, » June gth 2 12 12 p.m, Or, ,, » Feb. 5th 8 of 5a.m. 
Ex. 5. Green. date, Jan. 6 14 © Ex, 6. Green. date. Aug.20 0 o 
Long. §2° E. + 3 28 Long. 104° W. — 6 56 
Ship date, Jan 6 17 28 Ship date, Aug. 19 17 4 
Or; +; » jan. 7th 5 28a.m. Or, ,, » Aug. 2zoth 5 4ga.m. 


N.B.—When questions are set with time shown by chronometer, the 
ship time with the longitude in time applied to it will show whether the 
chronometer is showing astronomical time or whether 12 hours are to be 
added to it. 





THE NAUTICAL ALMANAC AND 
ASTRONOMICAL EPHEMERIS 


The first ‘‘ Nautical Ephemeris”’ for the year 1767 was projected on 
the basis proposed by Dr. Nevil Maskelyne—the Astronomer-Royal of that 
day—and was published by order of the Commissioners of Longitude, to- 
gether with the “ Tables requisite to be used with the Nautical Ephemeris.” 
The Ephemeris took its present form as “‘ The Nautical Almanac and 
Astronomical Ephemeris”’ in 1834, and an alteration in the “ difference 
columns ” was made at a later date. 

It is well here also to notice that the term “ difference’ as ‘ Diff. for 
x hour,” etc., which was used in the earlier editions of the Almanac, has 
been changed into the term “ variation,” as “ Var. for r hour,”’ “ Var. for 
Io m.,”’ etc. 

The Nautical Almanac is computed for the meridian of Greenwich, and, 
consequently, it contains the right ascensions and declinations of the sun, 
moon, planets, and fixed stars, the equation of time, lunar distances, and 
various other solar, lunar, and stellar elements, for given instants of Green- 
wich time. 

Eighteen pages (I. to XVIII.) of the Almanac are given to each month 
for various elements or quantities relating to the sun and moon. It is 
probable that pp. I. and II. are more used than any other parts of the 
work, since those pages relate to the sun—its right ascension, declination, 
and semi-diameter—together with the equation of time ; p. I. being adapted 
to Greenwich apparent noon, and p. II. to Greenwich mean noon ; the ‘‘ Var. 
in 1 hour” given on p. I. of the month is the variation (that is difference) 
at noon that the quantity is undergoing at that instant ; but this “ variation” 
is applicable to its proper quantity taken from either page, as required. 

Before the student begins to use practically the various elements or 
quantities set down in the pages of the Nautical Almanac, it is earnestly 
recommended that he should attentively read, and become perfectly familiar 
with, the ‘‘ explanation of the articles ’’ given at the end of that work. 

In this Epitome the Nautical Almanac can only be referred to incidentally, 
in relation to the necessary elements or quantities that are taken from it for 
the purpose of working the various problems in navigation. 

Before we can find from the Almanac the values of any of these quantities 
for a given local iime, we must invariably find the corresponding Greenwich 
date (see pp. 233 to 234). When this time is exactly one of the instants for 
which the required quantity is put down in the Almanac, nothing more is 
necessary than to transcribe the quantity as there set down. But when, as. 
is mostly the case, the time falls between two of the times of the Almanac, 
the required quantity must be found by ilerpolation. To facilitate this 
interpolation, the Almanac contains the rate of change, or variation (that 
is difference) of each of the quantities in some unit of time. 

To use the variation (difference) ee with advantage, the Greenwich 
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time must be expressed in that unit of time for which the variation (difference) 
is given: thus, when the variation is for one hour, the time must be expressed 
in hours and decimal parts of an hour; when the variation is for one minute, 
the time must be expressed in minutes and decimal parts of a minute, etc. 

Simple Interpolation.—In the greater number of cases im practice it is 
sufficiently exact to obtain the required quantities by simple interpolation ; 
that is, by assuming that the variations of the quantities are proportional 
to the differences of the times, which is equivalent to assuming that the 
variations given in the Almanac are constant. This, however, is never the 
case; but the error arising from the assumption will be smaller the less the- 
interval between the times in the Almanac ; hence, those quantities which 
vary most irregularly, as the moon’s right ascension and declination, are 
given for every hour of Greenwich time; others, as the moon’s semi- 
diameter and horizontal parallax, are given for every twelfth hour, viz., 
for noon and midnight ; others, as the right ascension and declination of 
the sun, are given for each noon, as are also most of the planetary elements ; 
while others, as the right ascensions and declinations of the fixed stars, are 
given for every tenth day. 

The following examples illustrate simple interpolation when the Greenwich: 
date mean time is determined or given—. 

RvuLE.—When the quantity, as the sun’s declination or the equation 
of time, has the “ Var. in r hour ” given. 

I. Take from the Nautical Almanac for the nearest preceding mean 
time date the required quantity, and the corresponding “ Var. in rt hour.” 

2. Multiply the ‘‘ Var. in r hour’ by the hours and decimal of an hour 
of the Greenwich date ; the product is the correction. 

3. Add this correction (properly reduced) to the Nautical Almanac 
quantity, if that quantity is increasing, but subtract it if decreasing. 

4. Also, note that if the Greenwich date is nearer to a subsequent than 
to a preceding Almanac date it will be more accurate to interpolate back 
from the subsequent date, in which case sébtract the correction if the 
quantity is increasing, but add it if the quantity is decreasing. 


NAUTICAL ALMANAC, 1914 EDITION 


The ‘‘ Abridged Edition for the use of Seamen”’ of the Nautical Almanac 
supplies the seainan with all the astronomical data he requires for finding 
his position, etc., at sea by observations of the sun, moon, planets, or stars }. 
or for rating his chronometers on shore by observations of the sun or stars. 

Quantities are given to a degree of accuracy comparable with that ob- 
tainable in the data by sextant observations; as a general rule to or of 
arc and o-Is. of time. The Almanac gives, at Greenwich mean noon through- 
out the year and in certain cases for greater convenience at every even. 
hour of Greenwich mean time, the positions, with reference to the equator, 
of all the heavenly bodies the seaman makes use of, in terms of declination 
and right ascension, together with the equation of time. The values at 
any other Greenwich mean time may be found, either by the ordinary 
methods of interpolation or by making use of certain auxiliary tables, or 
in certain cases by inspection only. 

The chief alterations are— 

Page I. Apparent time no longer given: Greenwich mean noon takes. 
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its place. The declination is given in degrees, minutes, and tenths, and the 
acceleration from x to 24 hours is given on each page in a column parallel 
and adjacent to the right ascension of the mean sun. 

Page II. is occupied by the moon and the transit of the first point of 
Aries. 

Pages III., IV., V., VI. tabulate the right ascension mean sun, declina- 
tion, and equation of time for every even hour, therefore the necessary 
correction can be found at sight. 

Pages VII., VIII., [X., and X. are given to the moon’s right ascension and 
declination for every even hour, with the difference for two hours between. 

Pages XI. and XII. tabulate the data relating to the four planets, Venus, 
Mars, Jupiter, and Saturn. 

Pages 146 to 153 are given to stars. 

The right ascension and declination are given of all stars of magnitude 
3:0 and upwards, at intervals of ninety days. In most cases the values 
for any day can be taken out by inspection. 

The Pole Star Tables are much extended, and a table of Rising and 
Setting is added (pp. 160-16z). 

The rearrangement has been made to cut out such Tables and 
ephemeris as were not used by sailors, and to simplify the remainder. 

Correct the Following Elements . 

Given the following: October 5d. 8h. 42m. 2s. Greenwich date, mean 
time ; correct for that date the sun’s declination, the equation of time, and 
the sun's ight ascension. 

Here the numbers appertaining to each element are taken from Nautical 
Almanac, p. II. of October, because the time given is mean time, but the 
“Var. in i hour’ must be taken from p. IJ. under the heading “ Var. in x 
hour.” 





Var.inth. = 577:77 Sunisidech... s.3004 055005 %. 4° 49’ 14°35. 
8h.42m. = 8-7 Cor. for 8-7h. ....-....-.. + 8 226 
40439 Corrected sun’s dec]. .... 4 57 36°98. 
46216 
6,0)50,2°599 
8' 22”-6 
s. M. s. 
Var. in th. =0°7 Equat. of time ............ - Ir 36-94 
8-7 Cor. for 8-7h. owe eee eee eee + 6:44 
6-438 Cor. equat. of time ........ Il 43°38 
Ss. H. OM. Ss. 
Var. in Ih. = 9114 Sun’s right ascension....... 12 44 50:09 
8-7 Cor. for 8-7h. wee eee eee eee + I 19°29 
6,0 ) 7,9°2918 Cor. sun’s R.A. .....+-000-. I2 46 9°32 
1M.19s.29 


Nore.-—In the first example the method of obtaining the correction is given in full; in 
the subsequent examples the method is abbreviated ; but the student can verify the result by 


qultiplying as required. 
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When the given Greenwich time is nearer to a subsequent than to a 
preceding Almanac date, it will be more accurate to interpolate back from the 
subsequent date. : 

Example.—February 22d. 18h. 42m. 3s. Greenwich date, mean time. 

Here it is preferable, for accuracy, to refer the time to noon of the next 
day, and reckon it as sh. 18m.=5-3h. before noon of the 23rd ; and for that 
time find the correction, which is to be added if the element is decreasing, 
but to be subtracted if increasing. 














Var. in th. = 557-16 ~ Sun’s decl............... 9° 43". 537-9 S. 
5h. 18m. = 53 Cor: for5:3h. 2.50023 oes + 4 523 
6,0)29,2°348 Corrected sun’s decl. .... 9 48 46°25. 
4° 5273 
s. Mu. s. 
Var. in th. = 0°357 Equat. of time .......... 13 33°04 
53 Cor. for §°3h. ....-.2..055 + 1°89 
r-8921 Cor. equat. of time ........ 13 34°93 
£ * 
3. cs 5 H. OM. Ss. 
Var. in th. = 9-498 Sun’s right ascension .... 22 26 51°73 
53 Cor. for5-3h. wee ee eee _ 50°34 
50-3394 Cor. sun’s R.A. ..-.. seees 22 26 1°39 


To find the Declination of the Sun at the time of its transit -over a given 
meridian, also the Equation of Time at the same instant 


When the sun is on the meridian at any place in west longitude the 
Greenwich apparent time is precisely equal to the longitude. That is, the 
Greenwich apparent time is after the noon of the same date as the local 
date, by a number of hours (and decimal of an hour) equal to the longitude. 

When the sun is on the meridian at any place in east longitude, the 
Greenwich apparent time is before the noon of the same date as the local 
date, by a number of hours (and decimal of an hour) equal to the longitude. 

Hence, to obtain the sun’s declination and the equation of time for 
apparent noon at any meridian, take these elements from the Nautical 
Almanac (p. I. of the month) for Greenwich apparent noon of the same 
date as the local date, and apply a correction equal to the “ Var. in 1 hour ” 
multiplied by the number of hours (and decimal of an hour) in the longitude, 
observing to add or subtract the correction thus obtained, according as the 
element in the Nautical Almanac may indicate, for a time before or after 
noon. 


Rule for Sun's Declination at noon, local date 


Turn the longitude into time, as hours and decimal of an hour. 

From Nautical Almanac, p. I. of the month, take out the sun’s declination 
for the ship date, and also the “' Var. in th.’’ for the same date. 

Multiply the “ Var. in rh.’ by the longitude in time, and the product 
will be the correction, to be applied to the declination as follows— 
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W. long. 


E. long. 


Dec]. increasing, add correction. 
Decl. decreasing, subtract correction. 


Decl. increasing, subtract correction. 


Decl. decreasing, add correction. 


Notze.—In March the sun’s declination changes from S. to N., and in September it changes 
from N. to S.; if the correction is subtractive and greater than the declination, subtract the 
declination from the correction, and give the remainder the contrary name to the declination ; 
these cases must be specially noted. 


Example.—Find the sun’s declination from the Nautical Almanac for 


apparent noon at place on the following dates, the longtitude being 
100° 30’ W.= 6h. 42m. = 6-7h.— 


Var. in rh. = 577'56 
Long. intime 6-7 
40292 

34536 

6,0)38,5-652 

Cor. 6’ 257-7 

Var. in th. = 53”°56 
Long. in time 6-7 
6,0)35,8-852 
Cor. 5’ 58"'9 

Var. in rh. = 597-26 
Long. intime 6-7 
6,0)39,7'042 

6’ 377-0 





April 2d. decl. 
Cor. for 6-7h. 


Corrected decl. 


Feb. 19d. decl. 


Cor. for 67h. .... — 


Cor. decl. 


March 20d. decl. ........ 
Cor. for 6-7h. 


Cor. decl........... 


5 7 44°9N. 


11° x0’ 4273S. 


5 58-9 
x4 43:45. 
o° 39 3175S 
— 6 37°0 
o 3 5°9N 


Example.—Find the sun's declination from the Nautical Almanac for 
apparent noon at place on the following dates, the longitude being 154° 30° 


E.=10h, 18m.=10-3h.— 
Var. in rh. = 567-26 
Long. intime ro-3 

16878 

56260 

6,0)57,9°478 

Cor. 9’ 39°°5 

Var. in rh. = 537-83 

Long. in time 10-3 

6,0)55,4°243 

9 1472 

Var. in rh. = 587-48 
Long. intime 103 
6,0)60,2°344 
10° 27-3 








April 7d. decl. 
Cor. for r0-3h. 


Cor. decl. 


Ang. 30d. decl. 
Cor. for 10-3h. .... 


Cor. decl. 


Sept. 23d. decl. 
Cor. for 10-3h. .... 


Cor. decl. ........ 


6° 55’ 117-9 N. 
9 39°5 
6 45 32 4N. 


8° 56’ 147-4 N. 
+9142 
9 5 28 -6N. 


0° 9/161 S. 
— 10 23 
© 0 46-2N. 
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N.B.—If the declination at Greenwich noon is 0° 0’ 0” ; in east longitude 
the correction will be the declination of the same name as that of the day 
before ; in west longitude the correction will be the declination of the same 
name as that of the day after. 


To find the Declination and Right Ascension of the Moon, at any given 
Greenwich date 


The declination and right ascension of the moon are given for every 
hour of Greenwich date, together with the ‘‘ Var. for 10 minutes.”’ Con- 
sequently by removing the decimal point of the variation one place to the 
Jeft, you have the “ Var. for r minute’”’; then— 

RvuLe.—Multiply the ‘ Var. for 1m.’”’ by the minutes and decimal of a 
minute of the Greenwich time; this gives the correction required, which is 
to be added to, or subtracted from the quantity, according to whether it is 
increasing or decreasing. 

Example.—Given the Greenwich date May 5d. gh. 8m. 30s., required 
the moon's right ascension and declination. 

For the right ascension the variation in rom. is 23-503s., hence for zm. 
it ts 2-3503s. ; also 8m. 30s. of Greenwich time = 8-5m. 


s. H. OM. s. 
Var. in Im. = 2°3503 Moon’s R.A. May 5d. at gh. = 15 45 48-34 
8m. 30s. = 85 Cor. for 8:5m. + 19°98 
117515 Moon’s corrected R.A. 15 46 8-32 
188024 
19°97755 


For the declination the variation in rom. is 105-08, hence for rm. it is 107-508. 
5 


Var. in im. = 107-508 Moon’s decl. May 5d. at 9h. = 17° 32’ 13°:3 S. 
85 Cor. for 8-5m. + 20 3 
6,0)8,9°3180 Moon’s corrected decl. 17 33 42 °6S. 
1’ 29°3 


Here, also, as in the case of the sun, if the Greenwich time is nearer to a 
subsequent than to a preceding Almanac date, it will not only be more con- 
venient, but more accurate, to interpolate back from the subsequent date , 


Example. —Given the Greenwich date May 5d. gh. 47m. 42s., required 
the moon’s right ascension and declination. 

The variation for the right ascension in 1om. at ro hours is 23-563. ; for 
Im. = 2-3563s. 

The variation for the declination in Iom. at ro hours is 104”-1z; for 
Im.=10"-411. 

Also gh. 47m. 42s. is 12m. 18s. (or 12-3m.) from 10 hours ; hence— 
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s., 
Var. in Im. = 2°3563 Moon’s R.A. May 5d. at roh. 
Cor. for 12°3m. 


123 

70689 
282756 

28-98249 


’ Var.in im. = 10"-411 Moon’sdecl. Mav5d. at toh. 
Cor. for 12-3m. 


I23 
6,0)12,8-0553 
2’ 8-1 


Moon’s cor. R.A. 


Moon’s cor. decl. 


H. M. s. 
=15 48 9°54 
— 28-98 

15 47 40°56 


= 17° 42’ 4079S. 
— 2 8 
17 40 32 ‘8S. 


Interpolation by Second Differences.—This method is wholly unnecessary 
for sea computations, which assume the first differences variation in th. or 
variation in tom., to be constant; but for great accuracy interpolation is 


required by second differences. 


Nore.—The differences between successive first differences are called the second differences. 


To Correct the Sun’s Declination by Second Differcuces.—The Nautical 
Almanac says the “ Var. in x hour” (formerly called the hourly difference) 
is intended to facilitate the reduction of the quantities from noon to any 
other time; but 7¢ is the variation at noon, and requires to be reduced to 
midway between noon and the time at which the declination is required. 

The simplest and surest way to make this correction is to take the 
difference between the “ Var. in r hour” for the given Greenwich day and 
that for the following day ; divide this difference by 4, and the quotient 
by 12 (since 4 times 1248), then multiply the last quotient by the Green- 
wich time and apply the product to the ‘‘ Var. in i hour ”’ for the given 
day, adding it if the ‘ Var. in r hour’”’ is increasing, otherwise subtracting 
it 


Suppose the sun’s declination and variation in x hour to be as follows— 


Dect. Va 


December 19 
20 
2z 
22 
23 





23° 25' 567-2 S. 
23° 26’ 48-8 
23°29" 1371 
23° 27’ OQ" 
23° 26’ 36-9 


R.IN th. 


2"-78 x 
I”-60 
0°43 
0°75 
17-93 


Let it be required to find the sun’s declination for Greenwich date mean 


time, December 19d. r4h. 24m. 


The difference between 27-78 and 1”-60 is 17-18, which divided by 4 
gives -295, and -295 divided by 12 gives 0246; then -0246 multiplied by 
14°4 gives 35424; and -35 (using only two decimals) subtracted from 2"-78 
(since variation in x hour is decreasing) leaves 2”-43 for the correct “ Var. 


in I hour.” 


Finally, in the usual way, multiply 2”-43 by 14-4 (the Greenwich time), 
and 347-99 is the correction of declination, to be added because declination is 
increasing ; hence, declination for December 19d. 14h. 24m. =23° 26’ 317-2 S, 

Remember that twice in a year, viz., once in June, and once in December, 
the sum of the “ Var. in z hour’”’ for the two days will be their difference. 
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because ix the interval the sun has attained its greatest declination:and has 
begun to decrease. In the present case this occurs between the 21st and 
22nd of December, when -43 + ‘75 = 1-18 is the difference of the two 
variations. Then, proceeding as already directed, if the correction of 
variation is less than the “ Var. in 1 hour”’ the correction of declination will 
be additive to the declination; but if the correction of variation is greater 
than the “ Var. in x hour,” subtract the variation from its correction, and 
the correction of declination when obtained must be subtracted from the 
declination, for the sun has passed its maximum declination. 

When the declination is about to change from S. to N. or from N. to S. the 
“Var. in 1 hour ” is large and the difference of two successive variations very 
small ; but when the declination is near a maximum the “ Var. in x hour” 
is small, and the difference of two successive variations large; at the 
maximum the sum of two variations will probably be their difference. 


To Correct the Equation of Time by Second Differences.—The remarks 
already made in respect to the sun’s declination equally apply to the 
correction of the equation of time. 

Suppose, for two consecutive days, the equation of time and variation in 
I hour to be— 


. Eg.of T. Var. in rh. 





Day M.S. s. ' 
15 13 46-78 07585 
16 I4 0°55 0-562 





and the equation be required for 15d. r4h. 24m. or T4-4h. 

Then, -023 is the difference of variation, which divided by 4 gives 00575, 
and this divided by r2 gives -o0048 ; multiply ‘00048 by 14-4 and you get 
006912; or, say -007 to be subtracted from -585, which leaves -578 for the 
corrected ‘‘ Var. in xr hour”’; finally -578 multiplied by 14-4 gives correction 
of equation 8-32s. to be added to 13m. 46-78s.: hence, corrected equation 
of time will be 13m. 55-Is. 

Remember that four times in the year, viz., once in February, once 
in May, once in July, and once in November, the sum of the “ Var. in r 
hour ” for the two days will be their difference. ; 

When the equation of time is about to change from sub. to add. or from 
add. to sub. the “‘ Var. in x hour ” is large and the difference of two successive 
variations very small ; but when the equation is near a maximum, the “‘ Var. 
in r hour” is small, and the difference of two successive variations large ; 
at the maximum the sum of the two variations will probably be their 
difference, as already explained in connection with the sun’s declination. 


To Correct the Moon’s Declination and Right Ascension’ by Second 
Differences——The moon’s declination and right ascension are given for 
every hour of the day, Greenwich date, with the variation in 10 minutes ; 
but this “ Var. in rom.”’ must be reduced to midway between the time for 
which the declination or right ascension is required and the preceding hour. 

Rue.—Take the difference between the “ Var. in rom.” for the given: 
Greenwich hour and that for the next hour; multiply this difference by 
the minutes (and decimal of a minute) of Greenwich time, and divide the 
product by 120 (twice 60) ; apply the result to the “ Var. in 10m.” for the: 

Q2 
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given hour, adding it if the variation is increasing, otherwise subtracting 
it. 

Suppose the moon’s right ascension and declination to be as follows— 





Hour! Moon's R.A. | Var.in rom. } Moon's Dect. | Var. IN 1om, 
HOM. Ss. s. . . . % 
° 16 I 58-48 25°587 | S22 49 341 40°66 
I 16 4 32:17 25°642 22 53 33°6 39°17 
2 16 7 6:18 25°696 | 22 57 241 37°67 


Suppose it is required to find the declination and right ascension for 
Greenwich time, th. gom. 42s., or 1h. 40-7m. 

For the declination the difference between 39”°17 and 37”-67 is 17-5, 
which multiplied by 40-7 gives 61-05 ;_ then 61-05 divided by 120 gives -509, 
or say -51 to be subtracted from 39”-17, leaving 38’-66 as the proper 
variation in rom. for the declination. 

Proceeding in a similar manner for the variation in rom. for the right 
ascension you get 25-660s. as the proper variation in Iom. 

Having obtained the variation in rom. you can understand that by 
removing the decimal point one figure to the left you get the ‘ Var. in 1 
minute.” 


Thus 37-866 will be the Var. in r min. for the Decl. ; 
And 2°566s. will be the Var. in 1 min. for the R.A. 


For the Correction of the Declination or Right Ascension.—Multiply the 
variation in rm. by the given minutes (and decimal of a minute) of Greenwich 
time, and apply this correction in the usual way. 

Thus, for the declination, 3”-866 multiplied by 40-7 gives 157":3462, or 
2’ 37”-3 to be added to the declination for 1 hour, since the declination is in- 
creasing ; and the corrected declination for 1h. 40m. 42s. is 22° 56’ 10”-9 S. 


When the correction is subtractive and exceeds the declination, take the 
declination from the correction, and change the name of the declination. 


Similarly, for the right ascension, 2:566s. multiplied by 40-7 gives 
10443628. or 1m. 44-448. to be added to right ascension for 1 hour, since 
the right ascension is increasing; and the corrected right ascension fo 
In. 4om. 42s. is 16h. 6m. 16-61s. 


The correction of right ascension is always additive, and when the 
application of the correction causes the right ascension to exceed 24 hours, 
reject the 24 hours, leaving only the minutes and seconds. 

When the moon’s declination is about to change from N. to S., or from 
S. to N., the ‘‘ Var. in rom.” is large and the difference between two succes- 
sive variations small ; but when the declination is near a maximum (N. or 
S.) the “ Var. in rom.” is small but the difference between two successive 
variations is large. At the maximum the sum of two variations will be their 
difference ; for example, suppose the “ Var. in 10m.” to be as follows— 


Var. in 10m. 

2 79 diff. by subtraction is 17-51 
2° aiff. by addition is .. 1 -52 
= diff. by subtraction is 1 ‘53 


HOW 
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To find the local time of the Moon's Meridian Passage (or transit over a 
given meridian) 

The mean time of transit of the moon over the Greenwich meridian on 
each day is nothing more than the hour angle of the mean sun at the instant, 
or the difference between the right ascension of the moon and the right ascen- 
sion of the mean sun. If this difference did not change, the mean local time 
of the moon’s transit would be the same for all meridians ; but as the moon’s 
right ascension increases more rapidly than the sun’s, the moon is apparently 
retarded from transit to transit. 

Page IV. of the Nautical Almanac gives the mean time of the moon's 
“‘ Meridian Passage ’’ (or transit) over the meridian of Greenwich for each 
day; and the difference between two successive ‘‘ Passages” is the 
retardation of the moon (varying from 44m. to 66m. according to the rate 
of the moon’s motion) in passing over 24 hours of longitude. 

RuLe.—Take the moon's ‘‘ meridian passage’’ (upper) from page 
IV. of the Nautical Almanac for the given astronomical day. 

If in west longitude take the difference between the time of “ passage ”” 
on the given and following day. If in east longitude take the difference 
between the time of ‘‘ passage ’’ on the given and the previous day. 

The difference being a 24-hour difference, hence, multiply it by the 
longitude in time, and divide the product by 24 (or by 2 and 12 succes- 
sively) ; the result will be the correction to be applied to the Greenwich 
meridian passage as follows : 

If in west longitude add this correction to the Greenwich meridian pas- 
sage for the given day. If im east longitude subtract the correction from 
the Greenwich meridian passage for the given day. The result will be the 
meridian passage at ship. 


Note.—In dealing with the day, it may be civil time a.m., for during half the lunar month 
the moon passes the meridian after midnight, but the time in the Nautical Almanac is astron- 
omical time. Take an example: On October 4th the moon (by Nautical Almanac) passes 
the meridian of Greenwich at 17h. 26m. ; now this is the 5th a.m. at ship; therefore, for W. 
long. the day and day after would be the 4th and 5th; for E. long. the day and day before 
would be the 4th and 3rd ;_in each case the actual astronomical day is the 4th, since it cor- 
responds to the civil day 5th a.m. 


‘The Rule just given applies equally to planets, which have the mean times of iransit given in 
the Nautical Almanac. 


For the Greenwich mcan time corresponding to the time at ship.—To the 
time of the meridian passage at ship apply the longitude in time; add if 
west ; subtract if east. 

Then correct the moon’s‘declination for the Greenwich time (see p. 241). 

Example.— January zgth ; long. 82° 30’ W., find the local time of the 
moon’s meridian passage, and the corresponding Greenwich date— 








i. M, 
Jan., 29d. 7 260-7 Long. 82° 30’ = 5h. 30m. = 55h. 
» 30d. 8 13-9 
Diff. | 47°2 HOM. 
Long. in time 55 Green. Mer. Pass. Jan. 29d. 7 260-7 
2360 Cor, + 108 
2360 Mer. Pass. at Ship 7 37°5 
2)259°60 Long. in time 5 30 
12)129°8 


eet Green. Date, Jan. 29d. c 
Cor. for 55h. = r0-8 = ; : theo 
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Example.—February 2nd; long. 97° 30’ E., find the local time of the 
moon’s meridian passage, and the corresponding Greenwich date— 








Baad... “ees aoe Long. 97° 30’ = 6h. 3om. = 65h. 
gy SE, 9 513 HOM. 
Diff. 49°3 Green. Mer. Pass. Feb. 2d. ro 406 
Long. in time O-5 Cor. — 134 
2)320°45 Mer. Pass. at Ship Io 2772 
12)160:22 Long. in time 6 30 
Cor, for 65h. = 13°35 Green. Date, Feb. 2d. 3 57:2 


Example.—April roth a.m. at ship, in long. 105° W., find the local time 
of the moon’s meridian passage, and the corresponding Greenwich date— 








April od. = 5-2 Long. 105° = 7h. 
» rod. 17 44 ee: ais 
592 Green. Mer. Pass. April gd. 16 5-2 
Long. in time 7 Cor. + 173 
2)414°4 Mer. Pass. at Ship 16 22°5 
¥2)207°2 Long. in time yn) 
Cor. for 7h. = 1773 Green. Date, April 9d. 23 22°5 


In this example the moon passes. ship's meridian on April roth at 
4h. 22°5m. a.m. 


N.B.—See Correction of Moon’s Mer. Pass., Norie's Tables. 


To find a Planet's Right Ascension and Declination at the time of transit 
over a given meridian 


Venus, Mars, Jupiter and Saturn are the only planets the navigator 
uses to determine the latitude by the meridian altitude (7.e., at transit). 
The Nautical Almanac, for the purpose of facilitating the reduction of the 
right ascensions and declinations of these planets, gives their “ Variations 
in x hour of longitude,” which can consequently be used in the same 
manner asin the ‘‘ Var. in r hour” of the sun, and be similarly applied 
as regards E, and W. long. (see also Nautical Almanac explanations, 
“Planetary Ephemerides at Transit ”’). 


Moon's Semi-diameter and Horizontal Parallax 


These elements are given in Nautical Almanac, p. IIL. of the month, for 
noon and midnight, consequently they require to be interpolated for the 
given Greenwich time ; if that time exceeds 12 hours the interpolation 
will naturally fall between midnight and. the succeeding noon. 
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The corrected semi-diameter will require the augmentation due to the. 
apparent altitude (see Table, Augmentation of the moon’s semi-diameter 
{Table D)}). 

The corrected horizontal parallax will require the reduction for latitude 
(see Table E. Reduction of the Moon’s Horizontal Equatorial Parallax for the 
figure of the Earth), Both these tables are in Norie’s Tables. 


Planet's Right Ascension and Declination for a given Greenwich Date, 
mean time 


These elements come from the Nautical Almanac under the head of the 
given planet “mean time,” not ‘at transit at Greenwich,” wsless for 
“latitude by the planet’s meridian altitude.’’ They are given from day to 
day for Greenwich mean noon, and the difference of each element for two 
successive days is a 24-hour difference; this difference must be taken as 
the basis of the correction for the given Greenwich date, mean time. 

Thus, suppose the daily (or 24-hour) difference of declination to be 47’38"-3 
and you require the correction for 8h. of Greenwich time; then 47’ 387-3 
multiplied by 8 and the product divided by 24 (or by 2 and the resulting 
quotient by 12), the proportional part for 8 hours will be 15’ 527-8, to 
be added to, or subtracted from, the declination of the given day, according 
as the declination is increasing or decreasing. 

The correction for the right ascension is obtained in a similar manner. 


To find the Right Ascension of the Mean Sun, for a given time and place 


The Sidercal Time of Mean Noon is also the Right Ascension of the Mean 
Sun at Greenwich mean noon, and may be reduced by interpolating for the 
constant hourly difference 9-8565s., but preferably by a table, as follows— 

RuLe.—From the Nautical Almanac, p. II. of the given month, column 
headed ‘‘ sidereal time,”” take out the sidereal time for Greenwich noon of 
the given day, and accelerate it for the Greenwich mean time, using the table 
near the end of the Nautical Almanac entitled “‘ Table for Converting 
INTERVALS OF MEAN SOLAR Time into EQUIVALENT INTERVALS OF SIDEREAL 
Time.” 


Example.—February 1d. 15h. 40m. 52s. M.T. at Green. > Tequired the Mean 
Sun’s k.A.— 


H. M. s. 
Naut. Alm., p. Il. Feb. 1; Sid. Time .. 20 46 34°50 
Acceleration for 15h... 2 27°47 
5 4om. .. 6-571 


‘. 528... "142 
Mean Sun's R.A. .. 20 49° 9°06 


Example——March 22d, at gh. 48m. p.m. local mean time in Long. 47° 12’ W.; 
cequired the Mean Sun’s R.A.— 


H. M. s. 
Local Mean Time, March 22d... 9 48 
Long. 47° 12° W.= 3 8 48 


Green. Mean Time 22d. = 12 56 48 
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H. M. s. 
Naut. Alm., p. II. March 22d.; Sid. Time... 23 59 45°63 
Acceleration for 12. .. I 58-278 
7 56m. .. 9‘199 
” 48s. .. 131 
Mean Sun’s R.A... 0 I 53°238 


The right ascension of the mean sun is also equal to the right ascension 
of the true sun + the equation of time, using the sign for the equation of 
time indicated for its application to mean time. . 


The Right Ascension and Declination of the Fixed Stars 


The elements of the fixed stars are given in the Nautical Almanac for 
every fenth day, and can be taken out, or interpolated, at sight. The 
hours and minutes of right ascension, and degrees and minutes (’) of declina- 
tion, are placed at the head of the columns as constants, and belong 
equally to all the numbers below them; hence the seconds sometimes 
exceed 60; in which case increase the minutes by 1 and write down the 
number of seconds in excess of 60; thus on May 1, the declination of 


” 


a Argus (Canopus) is given as 52° 37’ 84”, which is to be read as 52° 38’ 24”. 


CORRECTIONS OF OBSERVED ALTITUDES 


The altitude of a heavenly body is its distance in arc from the horizon 
measured on a vertical circle. 

The true altitude is the altitude of the object’s centre above the rational 
horizon, as if it were measured by an observer at the centre of the earth. 

The apparent altitude is the altitude of the object’s centre above the 
sensible horizon. 

The observed altitude, measured at sea by a reflecting instrument with- 
out index error, is the altitude above the visible horizon, and is reduced 
to the apparent, or true altitude, as may be required, by the application of 
certain corrections, which should be taken in the following order : 

For the apparent altitude of the object’s centre, apply the index error 
(if any), the dip, and the semi-diameter (if any). 

For the true altitude of the object’s centre: Having applied the cor- 
rections as specified for the apparent altitude, next apply the refraction 
and parallax ; and the result will be the true or geocentric altitude of the 
heavenly body's centce. The sun, moon, and planets have parallax, but 
not the fixed stars. 

It is not absolutely necessary in ordinary navigation to observe the 
order just indicated, but when intent on attaining to the nearest amount of 
precision use correct methods. There are Tables in Norie’s which combine 
most of, or all the corrections, and these are near enough for sea practice ; 
never attempt such slipshod work as getting the sun’s zenith distance by 
using 89° 48’ in connection with the sun’s altitude. ¢ 

Index Error.—Reference has already been made to the correction for 
index error in the quadrant or sextant: it arises from defect of parallelism 
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between the index-glass and horizon-glass when the index is at 0°; it is, 
therefore, the first correction to be applied to the altitude as obtained by 
the instrument, to get the correct observed altitude. 


Dip or Depression of the Horizon.—Dip of the horizon is the angle of 
depression of the visible sea-horizon below the true horizon, arising from 
the elevation of the eye of the observer above the level of the sea. 


In the Fig. x suppose A to be 
che position of the observer’s 
eye, the height of which above 
the level of the sea is B A; and 
S the position of the star whose 
altitude is to be found by the 
sextant. Then A H being the 
sensible horizontal line, the angu- 
lar measure required is S A H. 
Draw A T H’ as a tangent to 
the earth's surface at T; then, 
disregarding refraction, T will be 
the most distant point of the sur- 
face visible from A, and the alti- 
tude of S, as obtained by the sex- 
tant, would be the angle S A H’, 
instead of the angle S A H. 
The angle H A H’, by which the 
angle S A H is increased, is the 
dip, or depression of the visible 
horizon, which must be sub- 





Fig. 1 


tracted from the observed altitude to give the apparent altitude S A H. 
The sensible horizon is strictly a tangent plane touching the earth’s 

surface extending from B, but owing to the distance of the heavenly bodies 

the angle at S subtended by A B (the height of the eye) is immeasurably 


small, 


To find the Dip.—Draw C T from the centre of the earth to the point 
of contact T; then H A H’ and the angle at C are each the complement 
of C A T, and are therefore equal ; that is, the angle at C is equal to the 


angle of the dip. 
Let h 


r 
a 


the height of the eye = AB 
the radius of the earth (in feet) = C T 
the dip, or depression of the horizon. 


Then, in the triangle C A T, we have ACT = HA H’ = d (the dip), and 


hence— 


Jan.@= st 


By Euclid IIT. 36, we have— 





AT=VABxXAD=Vi@rdh 


whence— 


Tan. d (dip; = 


r 


_ Vaheh _ 


ae - 


Yr 7 
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ad since / is always very small compared with 7, the opere of the fraction 
: : / 
. is quite inappreciable ; theretore, tan. d (dip) = if Sal very nearly, which 
r 


is the basis of the ‘‘ dip ” tables. 

_ The dip of the horizon given in the Dip Table for every probable height 
of the observer's eye, expressed in feet, is calculated with regard to the 
effect of terrestrial refraction. 

The dip of the horizon, having regard to the atmospheric refraction.— 
The curved path of a ray of 
light from the point T (see Fig. 2) 
to the eye at A, is the same as 
that of a ray from Ato T; and 
this is a portion of the whole 
path of a ray of light (as from a 
star S) which passes through the 
point A, and being bent from its 
right-lined course, is a tangent 
to the earth’s surface at T ; hence 
the direction in which the ob- 
server at A sees the point T will 
be A H’, the tangent at A to the 
curved path A T ; the true dip is 
therefore H A H’, which is less 
than that shown in Fig. x. It is 
also evident that the most dis- : 
tant visible point of the earth’s Fig. 2. 
surface is more distant from the observer than it would be if the earth 
had no atmosphere. 





Excluding the effect of refraction— _ 
Dip in minutes = 1':0634// (in feet) very nearly ; 


but various scientists assume that the correction for refraction diminishes 
the amount of dip by y to y; of itself ; hence the co-efficient of «/h varies; 
generally, however— 


Dip (in minutes) = 0-98 +/h (in feet) ; 
Chauvenet, and U.S. authorities, make— 
Dip = 58”-824/h (in feet), 
assuming the mean value of earth’s radius = 20888625 feet. 


Hence it may be taken that the dip in minutes very nearly equals the 
square root of the height of the eye in feet. 

Dip at different Distances from the Observer.—What has been heretofore 
said about the dip of the horizon supposes it free from all incumbrances 
of land or other objects; but, as it often happens, when ships are sailing 
along a shore, or are at anchor in harbour, that an observation is desired 
when the sun is over the land, and the shore nearer to the ship than the 
visible sea-horizon would otherwise be, in this case the dip will be different 
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from that of the Dip Table, and greater the nearer the ship is to that part of 
the shore to which the sun’s image is brought down. For this reason a 
Dip Table has been inserted, which gives the dip at different heights of the 
eye at different distances of the ship from the land. 

Semi-diameter.—In order to obtain the altitude of the centre of a 
heavenly body which has a well-defined disc, the upper or lower limb must 
be observed, and the position of the centre deduced by the suitable 
application of the angular semi-diameter of the body. 

The angular semi-diameter of a heavenly body is the angle subtended 
by the radius (or half the diameter) of the visible disc at the eye of the 
observer. 

The semi-diameter, whether of the sun, moon, or any of the planets, varies 
with the distance from the earth. 

The semi-diameter of the sun and moon is a considerable quantity—a 
quarter of a degree, or more—and cannot be estimated, or omitted, but 
must be taken from the Nautical Almanac. With regard to the planets, 
it is different: the semi-diameter of each planet is given in the Almanac, 
but it is so small a quantity that the general method of observing the altitude 
is to bring the planet’s centre (approximately) down to the horizon. If the 
limb of Venus or Jupiter be observed, the semi-diameter must be used. 

If the object is in the horizon of the observer, the distance from him is 
nearly the same as from the centre of the earth, and hence the geocentric is 
frequently called the horizontal semi-diameter, though this designation is 
not strictly exact. 

If the object is in the zenith, its distance from the observer is less than 
its geocentric distance by a radius of the earth, and the apparent semi- 
diameter of the object has then its greatest value. Hence arises the correction 
called the augmentation of the semi-diameter. 

For the sun’s semi-diameter (which is always found in the Nautical 
Almanac on p. II. of the given month) no appreciable correction is required 
for that given in the Nautical Almanac, since the distance of the sun from 
the earth (93 millions of miles) admits of none. 

For the moon's scmi-diameter (found in the Nautical Almanac, p. III. 
of the given month) besides the interpolation for Greenwich time, there 
is an augmentation due to the altitude. The distance of the moon from 
the earth is only about 60 times the earth’s semi-diameter ; the moon’s 
horizontal semi-diameter will therefore be increased one-sixtieth part when 
in the zenith, and hence the amount of augmentation for any altitude is found 
(approximately) by multiplying one-sixtieth of the moon's horizontal semi- 
diameter by the sine of the altitude. The Augmentation Table in Norie’s 
Tables (D) gives this correction. 

The fixed stars have no appreciable semi-diameter. 

The semi-diameter is the correction to be applied, after that for the dip, 
to get the apparent altitude of the object’s centre. 


CORRECTION FOR REFRACTION 


General laws of Refraction.—The path of a ray of light is a straight line 
so long as the ray is passing through a medium of uniform density. But 
when a ray passes obliquely from one medium into another of different 
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density, it is bent or vefracted. The ray before it enters the second medium 
is called the incident ray ; after it enters the second medium it is called 
the refracted ray ; and the difference between the directions of the incident 
and refracted rays is called the refraction. 

Refraction.—The rays of light from a star in coming to the observer 
must pass through the atmosphere which surrounds the earth. The 
atmosphere, however, is not of uniform density, but is most dense near the 
surface of the earth, and gradually decreases in density to its upper limit, 
where it is supposed to be of such extreme tenuity that its first effect upon 
a ray of light may be considered as infinitesimal. The ray is, therefore, 
continually passing from a rarer into a denser medium, and hence its direction 
is continually changed, so that its path becomes a curve which is concave 
towards the earth. 

The last direction of the ray, or that which it has when it reaches the eye, 
is that of a tangent to its curved path at this point ; and the difference of 
the direction of the ray before entering the atmosphere and this last direction 
is called simply the refraction, or occasionally the refraciion in altitude. 

In Fig. 3, let A T represent the strata of the earth’s atmosphere. 
SR, aray of light, entering the atmo- 
sphere at R, is bent into the curve RO ; 
the apparent direction in which the star 
is seen 1s OS’, which is the tangent to 
the curve at O; and the refraction is 
the difference of directions of the lines 
RSandO 9’. 

If O Z is the vertical line of the 
observer, by a law of optics the vertical 
plane of the observer which contains the 
tangent O S’ must also contain the 
whole curve R O and the incident ray 
S R; hence refraction increases the 
apparent altitude of a star without 
affecting its azimuth. 

At the zenith the refraction is Fig. 3. 
nothing; the less the altitude the more 
obliquely the rays enter the atmosphere and the greater will be the refraction. 
At the horizon the refraction will be greatest. 

“ Refraction is of all astronomical corrections the most difficult to 
determine with accuracy. The refracting power of the atmosphere varies 
with its density, and this is affected, in any particular stratum, not only 
by the superincumbent pressitre, but also by its femperature, and its degree 
of moisture ; and we are not definitely acquainted with the laws of their 
distribution.” —Harbord. 

The Mean Refraction Table is constructed on the supposition that at the 
level of the sea the barometer stands at 29°6 inches, and the thermometer at 
50° Fahr., and there is an auxiliary Table (Correction of the Mean Refraction 
Table) for varying heights of the barometer and thermometer, All observed 
altitudes of the heavenly bodies must be decreased by the quantity taken 
from Table of Mean Refraction, the entry being by the apparent altitude. 

There are various Tables of Refraction, as Ivory’s and Bessel’s, etc. ; 
those by Bessel are now generally used by astronomers. All the tables have 
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a general agreement at mean altitudes, and differ most at low altitudes, so 
much so, indeed, that little dependence can be placed on altitudes less than 
12° or 10°. 

To find the Refraction (approximately) by the Traverse Tables : with the 
altitude as course, and departure 58, take out the difference of latitude, 
which is the refraction in seconds. 

The co-efficient of refraction at the zenith distance of 45°, with the baro- 
meter at 30 inches and the temperature (Fahr.) 50°, may be taken as 
58-2. At moderate zenith distances the amount of refraction is proportional 
to the tangent of the zenith distance, hence the expression 582 x tan. Z for 
the value of the refraction at the zenith distance (Z) ; which is, however, 
obviously incorrect near the horizon, where the tangent Z approaches to 
iafinity, while the actual value of the refraction is only 33’ 46”.—R. S. Ball’s 
“ Astronomy.” 

Parallax.—The parallax of a heavenly body is, in general, the difference 
of the directions of the straight lines drawn to the object from two different 
points. In Nautical Astronomy geucentric parallax is the difference between 
the positions of a heavenly body as seen from the centre of the earth and 
from a point on its surface at the same instant. 

The observed altitude when corrected for dip, semi-diameter, and 
refraction will be measured by the angle S’ O S, which is the altitude of the 
object’s centre above the sensible horizon O S A; and S’ C H will be the 
altitude of the centre above the rational horizon C H. 

“In this case the directions of the object from C and from O are com- 
pared with each other by referring them to two lines which have a common 
direction, z.¢e. parallel lines. But a still more 
direct method of comparison is obtained by 
referring them to one and the same straight 
line, as Z O C, in which Z is the zenith. 
We then call Z C S’ the true, and Z OS’ the 
apparent zenith distance ; and these are evi- 
dently the complements of the true and 
apparent altitudes respectively. 

In Fig. 4 we have at once 

ZOS—ZCS =O0S9' C, that is— 
the parallax in zenith distance or altitude 
is the angle at the celestial object subtended 
by the radius of the earth.’’—Chauvenet. 

Or to be more explicit: Let C be the 
centre of the earth, and O the place of an 
observer on its surface; C H the rational 
horizon, and O S A the sensible horizon ; Z the zenith of the observer ; also 
HSS’ S" a vertical circle whose radius is the distance of a heavenly body 
from the earth’s centre. 

If the object S is in the sensible horizon O 5 A, its apparent place would 
be as if seen at A, but its érwe place (as seen from C, the centre of the earth) 
would be in the direction C T; here the earth’s radius O C being at right 
angles to O S subtends the angle O S C, which is the greatest possible angle 
at the object for the same distance, and this angle is called the horizontal 
parallax. When the object has moved to S’ its apparent place as viewed 
from the earth’s surface isin the direction O A’, while its érue place as viewed 
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from the centre is in the direction C T’, and the angle O S’ Cis the parallax 
.in altitude, which decreases as the altitude increases, until reaching S” the 
object appears in the zenith Z, where there is no angle subtended by the 
earth’s radius O C, and consequently no parallax. 

The parallax in altitude for the sphere is computed from the horizontal 
parallax as follows— 


In the triangle S’ O C, we have— 


OC sin. OS'C 
7 C=sin. SOC 


Now SC=S'C; andS’ OC = 180° — S’ OS’ (or S’0 Z) 
OC sin.O S’ C. : ro. ONG 5 
Therefore SC an Vos" and sin. O S’ C= S095: SOS 
But of = sin. OS C (the Hor. Par.) ; andcos. S’OS = cos. Alt. 


And since the parallax in altitude and horizontal parallax are always small 
the sines are nearly proportional to the angles, thus we have— 

Parallax in altitude (in “) = horizontal parallax (in “) x cosine altitude 
(corrected for refraction) ; a quantity, which, from the fig. is additive to the 
apparent altitude. 

The parallax in altitude is deduced from the cguatorial horizontal parallax 
which is given in the Nautical Almanac for the sun, moon, and planets 
respectively ; and it is evident from the fig. that the latter must vary with 
the distance ; thus, in the triangle C O S, if C O be the equatorial radius— 


Equatorial radius of earth 


Sine auatonal flor E ats = aict val object from earth’s centre 





hence the fixed stars, millions of millions of miles distant, have no horizontal 
parallax ; the sun, 93 millions of miles distant, has the horizontal parallax 
8’-8; and the planets have also a small horizontal parallax ; while the 
moon, distant only 60 semi-diameters of the earth, has a mean horizontal 
parallax of 57’ 3”-7, which in an observation for ship’s position has a very 
sensible effect, and gives at times a large parallax in altitude. 

But this horizontal parallax of the moon also requires a correction due 
to the earth as a spheroid—a reduction which varies as the vadius vector of 
the spheroid; this reduction is given in the Table of Reduction of the 
Moon’s Horizontal Equatorial Parallax. 

The ‘‘ correction of the moon’s apparent altitude” in the Moon’s Cor- 
rection Table is the difference between the parallax in altitude and the 
refraction. 

The sun’s parallax in altitude is given in Sun’s Parallax in Alt. Table, 
or the correction (difference between the parallax in altitude and refraction) 
in Table Sun’s Correction; the parallax in altitude for planets will be 
found in Table of Parallax in Altitude for Planets. 


» 


SUMMARY OF THE CORRECTIONS OF OBSERVED ALTITUDES 


The corrections of an altitude observed by the sea-horizon are to be 
taken in the following order : The index error of the instrument (if any), the 
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dip (for height of eye), the semi-diameter (if any), the refraction, ‘and 
parallax (if any). 

Then, these corrections being applied, if the zenith distance is required, 
proceed as follows— 


For the Zenith Distance 


For the Apparent Zenith Distance: Subtract the apparent (central) 


altitude from go°. 
For the True Zenith Distance : Subtract the true (central) altitude from 
go”. 
Then, if the observed object bears N., the zenith distance will be S. ; 
if it bears S. the zenith distance wil! be N. 
Or, otherwise, if the observer is N. of the object the zenith distance will 


be N.; if observer is S. of the object the zenith distance will be S. 


Corrections for the Sun: (1) Apply to the observed altitude the index 
error, additive ( +) or subtractive (—), as the case may be. 

(2) Dip (for height of eye), subtractive (—), Dip Table ; gives the 
apparent altitude of the limb observed. 

(3) Semi-diameter (from Nautical Almanac, p. II. of month) ; additive 
(+) when lower limb is observed; subtractive (—) if upper limb is 
observed. The application of these corrections gives the apparent altitude 
of the centre. 

(4) Refraction, subtractive (—), Mean Refraction Table ; enter with the 
apparent altitude of limb observed. 

(5) Parallax, additive ( +), Table of Sun’s Parallax in Altitude. 

Notz.—These corrections when applied give the true altitude of the centre. 

N.B.—Refraction and parallax are combined in Table of Sun’s Correction 
of Apparent Altitude. 

All the corrections, excepting index error, are combined in Table of 
Sun's Total Correction of Observed Altitude, which is sufficiently accurate 
for sea purposes. 

For the Zenith Distance see Rule above. 

Example.—January 10th: the observed altitude of the sun’s lower 
limb was 37° 24’ 30” bearing north; index error of the sextant 1’ 42” to 
subtract ; height of the eye 1g feet. Required the true altitude, and 
thence the zenith distance— 





Obs. alt. sun’s L.L. 37° 24’ 30” N. Whole Cor. from Table of Sun's. 
Index error — 1 q2 Total Correction 
_ 37 22 48 Sun’s obs. alt. 37° 24’+5 
Diprgft. — 4 16 Ind. err. — 1:7 
App. alt. sun’s L.L. 37 18 32 37 228 
Sun’s semi-d. (N.A. p. IL.) + 16 18 Sun's Cor. + 10-9 
App. alt. sun’s centre 37 34 50 True alt. sun’s centre 37 337 - 
Refraction — I 15 go 
33 35 Sun’s true zen. dist. 52 26-3. 


37 
Par. in alt. + 7 


True alt. sun’s centre 37 33 42N. 
90 pales * 
Sun’s true zen. dist. 52 26 18S 
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Corrections for the Moon : (1) To observed altitude apply index error, + 
or — as the case may be. 


(2) Dip, subtractive (—), Dip Table; gives the apparent altitude of limb 
observed. 


(3) Semi-diameter (from Nautical Almanac, p. III. of month) to be cor- 
rected for Greenwich time, and augmented from the Moon’s Auginentation 
Table; apply augmented semidiamcter, additive (+) if lower limb is 
observed, subtractive ( — ) if upper limb is observed. 


(4) Refraction, subtractive (—), Mean Refraction Table ; enter with 
apparent altitude of limb observed. 


(5) Parallax, additive ( + ); to be computed as follows— 


Correct the horizontal parallax (from Nautical Almanac, p. III. of 
month) for Greenwich time, and reduce it by Table E: then, to the Pro- 
portional Logarithm of the corrected horizontal parallax add the L secant 
of the apparent (central) altitude, corrected for refraction ; the sum will 
be the proportional logarithm of the parallax in altitude. ; 


Or the parallax in altitude may also be found as indicated on p. 254. 


Convert the horizontal parallax into seconds, then to the logarithm of 
the horizontal parallax (in seconds) add the L cosine of the apparent 
(central) altitude, corrected for refraction ; the sum will be the logarithm of 
the parallax in altitude in seconds, which take out and reduce. 

Yhese corrections, when applied, give the true altitude of the centre. 

N.B.—Refraction and parallax in altitude are combined in Moon’s 
Correction Table, sufficiently accurate for sea purposes. 


For the Zenith Distance see Rule, p. 255. 


Example.—August 28th, about 2h. at a.m. at ship, in lat. 46° 4’ S., long. 
165° E.; mean time at Greenwich by chronometer (corrected) August 27d. 
3h. 1m. 54s., the observed altitude of the moon’s upper limb was 32° 45’ 40° 
bearing north; error of sextant 2’ 7” to add; height of eye 21 feet. 

Required the true altitude, and thence the zenith distance— 


Moon's Semi-diameter and Horizontal Parallax corrected for Greenwich time. 

















a’s Semi-d., noon 16’ 34°-0 q’sH.P. noon 60’ 41°-9 
i midnight 16 38 -o » Midnight 60 56-3 
Diff. 4 Diff. 14-4 
3h. 3h. 

12) 12 12)43°2 
Cor. for Gr. date + 1 Cor. for Gr. date + 36 
16 34 60 41-9 

16 35 


Augment. (Tab. D) + 96 
a’s Correct semi-d. 16 44°6 


60 45- 
Cor. for lat.(Tab.E) — oo 


a's Correct H.P. 60 39-2 


H.P. 3639-2 in secs. 


eS 
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Altitude and Zen. Dist. 


Obs. alt. €’s U.L. 32°45’ 40° N. Correction by Moon’s Cor. Tables 
Index error + 2 7 
32 47 47 App. alt. (centre) 32° 26’ 33” 
Dip 21 ft. — 4 29 Cor. (par.—ref.) + 49 42 
App. alt. @’s U.L. 32 43 18 True alt. (centre) 33 16 15 
@’s Semi-d. — 16 45 
App. alt. @’s centre 32 26 33 
» Ref. — 1 29 H.P. 60’ 39” Prop.log. -4724 
325-25 he ishe Race se eat Secant 00736 
Par. in alt + 51 12 Par. in alt. Prop. log. 0°5460 
True alt. ’s centre 33 16 16N. 
Oe 
C’s True zen. dist. 56 43 44 S. Or, otherwise 


H.P. 3639":2 Log. 3°56x006 
Alt. 32°25'4"” Cos. 9926426 
6,0)307,2°°r Log. 3:487432 

Par. in alt. 51’12”-r as above. 


Corrections for a Planct.—You may follow the instructions as given 
for the Moon, but ordinarily it will be sufficient to use the usual Nautical 
Tables, and the quantities as given in the Nautical Almanac under the head 
of the given planet. 


(1) To the observed altitude apply the index error, + or —, as the case 
may be. 


(2) Dip, subtractive ( — ). 


(3) It is usual to estimate the centre in bringing it to the sea-horizon, 
so that semi-diameter is not required. 


(4) Refraction, subtractive ( — ). 


(5) Parallax, additive ( + ), to be found as follows: Enter the Nautical 
Almanac with the heading the name of the planet and transit at Green- 
wich. Opposite the day of the month in the last column take out the 
horizontal parallax. enter Table of Parallax in Altitude for Planets with 
the horizontal parallax at the top and altitude at the side; the quantity 
found is the parallax in altitude. These corrections give the true altitude 
of the centre. 


For the Zenith Distance see Rule, p. 255. 


Example.—December 7th: the observed altitude of the centre of 
the planet Venus was 53° 14’ 20"; observer N. of the planet ; index error 
+ 3’ 46”; height of eye 22 feet. Required the apparent and true altitudes, 
and the apparent and true zenith distances— 


258 CORRECTIONS OF OBSERVED ALTITUDES - : . 


By Nautical Almanac the Horizontal parallax is 33”. 


Obs. alt. Venus 53° 14’ 20” S. 
Index error + 3 46 E 7 
53 18 6 
Dip 22 ft. — 4 36 
App. alt. 53 13 30......----eseeeee 53° 13’ 30 
Ref. — 43 go 
53 12 47 App. zen. dist. 36 46 30 
Par. in alt. + 20 
Truealt. (centre) 53 13 7S. 
go 
True zen. dist. 36 46 53 


Corrections for a Fixed Star: (1) Apply to the observed altitude the 
index error + or — as the case may be. 

(2) Dip, subtractive ( — ). 

The application of these corrections gives the apparent altitude of the 

‘star. A star has no semi-diameter. 

(3) Refraction, subtractive (—), Mean Refraction Table ; this correction, 
applied to the apparent altitude, gives the true altitude, since a fixed star 
has no parallax. 

N.B.—The dip and refraction are combined in Star’s Correction Table ; 
accurate enough for sea purposes. 

For the Zenith Distance see Rule, p. 255. . 

Example.—February roth: the observed altitude of « Canis Minoris 


(Procyon) was found to be 18° 46’ 30” bearing south ; index error 3’ 17” to. 
subtract ; height of eye 18 feet. Find the apparent and true altitudes of 
the star, and the apparent and true zenith distances— 


Whole Correction by 
Star's Total Correction Table 


*’s Obs. alt. 18° 46’ 30°S. *’s Obs. alt. 18° 46’.5 

, Ind. err. — 3 17 Ind. err. — 33 

18 43 13 18 43:2 

Dip 18 ft. —- 4 9 Star’s Cor. — 6:9 

*’s App. alt. 18 39 4 *s True alt. 18 3673 
Refraction — 2 47 go 

: *’s True alt. 18 36 17 S. *’s True zen. dist. 71 23-7 | 

ee go. *'s App. alt. 18°39’4” 

*’s True zen. dist. 71 23 43 N. 90 


*’s App. zen. dist. 71 20 56 


CoRRECTIONS OF ALTITUDE OBSERVED BY AN ARTIFICIAL HORIZON ON 
SHORE 


The altitude having been observed by an artificial horizon, each angle, ' 
of whichever part of the object observed, will be double what it would. 
have been if taken by the sea-horizon ; and as it is customary to take’ 
several altitudes (3, 5. or 7) in succession, the sum of the altitudes must (in 


ee a ee 
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the first place) be divided by the number observed ; this will be the mean 
of the observations, to which the next operation is to apply the index error, 
+ or —, as the case may be ; and the result will be the correct observed angle. 

But this angle being double what it would have been if the altitude had 
been taken direct, the correct mean observed angle must be divided by 2, and 
the result will be the apparent altitude of the part of the object observed, 
siice there is mo correction required for the height of the eye, or dif, the 
effect of the elevation of the observer being insensible. 


The subsequent corrections then fall in the natural order, already given. 


(1) To the apparent altitude Obs. altitudes 52° 0” 45° 
apply the semi-diameter ai fr 51° 41 30 

if any, + or — as the a a3 5% 20 45 

case may be. un a ee 

(2) Reactor i). 3)155_ 39 
(3) Parallax (+ ) if any. 5I 4I Oo 
And the result will be the érue Ind. err. — 2 50 


central altitude. 


Example.—November 7th, the 2)51_ 38 ro 


altitudes of the sun’s lower limb ’ App. alt. LL. 25 49 5 

observed by artificial horizon were— Semi-diam. (N.A.) + 16 If 
52 0 45 App. alt. centre 26 5 16 
St 4r 30 Ref. — 1 57 
51 20 45 at 

index error of sextant 2’ 50” tosub- | 26 3 «19 

tract. Find the true altitude of the | Par. + 8 

sun's centre. | True alt. (centre) 26 3 27 


N.B.—If several altitudes are taken at about equal intervals, the 
d:fference between the altitudes will indicate if there be any serious errors 
in the observations. 

If the sun is the object observed, and the altitude is increasing (or 
rising); when taking the /ower limb, the images are continually separating ; 
but when taking the upper limb, the images are continually overlapping. 
The contrary effect is observed with the sun's decreasing (or falling) altitude. 
This leaves no doubt as to the limb observed. 

For a Fixed Star: Divide by the number of observations ; to the result 
apply the index error; then divide by 2 for the apparent altitude ; from the 
apparent altitude subtract the vefraction,and the result will be the érue altitude, 


Example.—January 2oth: the Obs. altitudes 47° 0’ 15" 
following altitudes of Procyon (a ” ” 47 17 45 
Canis Minoris) were observed by » ” 47 35 30 
artificial horizon— 3)141 53 30 

a7 x7 45 ; 47 7 50 

47 35 30 nd.err. — 3 10 
index error of sextant 3’ 10” to sub- 2)47 14 40 
tract. Find the apparent and true . % 
atitites, s App. alt. | 23 37 20 


Ref. — 2 ro 
*s True alt. 23 35 ro 
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Reduction of Altitude for Change of Ship’s Position.—When the altitude 
of an object has been taken, and at a subsequent time and in an altered 
position of the ship a second altitude of the same object is observed as in the 
double altitude problem and in the “ New Navigation,” if we wish to com- 
bine these two observations it frequently happens that the first altitude 
has to be reduced to what it would have been if it had been taken at the 
altered position of the ship; in this case the azimuth or bearing of the 
object at the first altitude must be taken, and the course made good and 
distance run in the interval of the observations carefully noted. 


(x) If the ship’s course is directly towards a heavenly body, the effect 
is to raise the body 1’ for each mile of distance made good. 

(2) If the ship's course is directly away from a heavenly body, the effect is 
to depress the body 1’ for each mile of distance made good. . 

(3) If the ship's course is at right angles to the bearing of the object, the 
ship neither approaches, nor recedes from, the body. 

(4) But the object may bear obliquely from the course the ship makes 
good; and thus we have an angle between the bearing and the course, 
which, with the distance run, gives us a plane triangle corresponding to— 


diff. lat. = dist. x cos. course 


that is— 


Jostance seosine of angle between 
= bearing of object and ship’s course 
lin the interval 


reduction of altitude or-correction| 
for run (as it is sometimes called) [ 


to obtain which the Traverse Tables are generally used, as follows— 


(A) Find the angle between the bearing of the sun (or star) at the first 
observation and the ship’s course made good: enter the Traverse 
Table with this angle as a course, and the distance run as a distance ; 
the difference of latitude corresponding thereto is the reduction or correction 
of altitude for the run, to be added when the angle is Jess than 8 points 
or 90°, but to be subtracted when the angle is more than 8 points or 90°. 


For example, taking the sun for illustration— 

The sun’s bearing at the first observation being S. 534° E., and the 
ship’s course in the interval of the observations being N. 644° E., the 
angle is 62°; and supposing the run to be 19 miles— 


Course 62°) : aes 
Dist. 19m.} Trav. Tab. Diff. lat. 9’ = cor. of alt., to be added. 

The sun’s bearing at the first observation being S. 45° E., and the ship's 
‘course in the interval of the observations being N. 28° E., the angle is 107°, 
in which case, deducting it from 180°, there remain 73°, and supposing the 
run to be 24 miles— 


Dep ear Trav. Tab. Diff. lat. 7’ = cor. of alt., to be subtracted. 


N.B.— When the angle exceeds 8 points or 90°, enter the Traverse Table 
with its supplement or what it wants of 16 points or 180° 
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(B) If the ship’s course during the interval is directly towards the sun’s 
‘bearing at the first observation, the distance run is the correction, to be 
added to the first altitude; if directly from the sun, the distance run is 
the correction, to be subiracted from the first altitude. 


(c) If the course is exactly 8 points or go° from the sun's bearing, the 
correction is 0. 

If, in the interval of the ‘two observations, the ship makes but one course, 

the difference between the compass bearing of the sun (or star) and the 
-compass course will be the angle ; when the ship makes more than one course 
in the interval, the compass course made good ‘may be also used, provided 
there be no deviation on the courses steered, in which latter case it would 
be better to find the angle between the tvwe course made good and the true 
bearing of the sun (or star). 

(5) If it is necessary to reduce the second altitude to the position at which 
the first altitude was observed, you require the ship’s run (t.e., course and dis- 
tance in the interval, as before) and the sun’s (or star’s) bearing at the 
second observation ; the reduction or correction of altitude is obtained as 
already indicated, but it must be applied to the second altitude the reverse way ; 
thus, where paragraph (A) says add, you must subtract ; and where it says 
subtract, you must add. 

When the course at the second observation is directly towards the sun 
(or star), the distance run is the correction, to be subtracted from the second 
altitude ; but if directly from the sun (or star), the distance run is the 
correction, to be added. 

In all cases the correction for run is to be applied to the érue altitude. 

It will have been observed that the rule just given has been determined 
‘on the principle of .a right-angled plane triangle. This is not strictly 
correct, but as the error will not exceed 1’ in a run of 75 miles and with an 
altitude less than 50°, the navigator can consider it sufficiently near for 
ordinary navigation. eM 
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J.—INTERVALS OF TIME, MEAN, APPARENT, OR SIDEREAL 


(1) To convert an Interval of Mean Time into an Interval of Apparent Time: 
From Nautical Almanac, p. I. of the month, take out the “ Var. in rh.”’ of 
the equation of time, and multiply it by the hours and decimal of an hour, 
of the given mean interval; the result, which is the correction, is to be 
applied to the mean interval as follows— 

Look to p. II. of Nautical Almanac to see whether the equation of time: 
is to be added or subtracted, and again whether the equation is increasing 
or decreasing ; then— 


If equat. be additive to mean time and incr aie.) dil cortection 


or, ay subtractive from » =» +=aecreasing, 

ut ‘additive t decreasing,\ , 
But, ” per es "Bs" sub. correction. 

or, se subtractive from » =o» tMCreasing,) . 


Example.—January 1oth; convert 5h. 6m. 2s. of mean time into. 
apparent time. 





s. HK OM Ss. 

Var. in th. 1:003 Mean interval 5 6 2 
Mult. by int. 5'r Cor. — 51 
Correction 5-1153 App. interval 5 5 56:9 


Nore.—To convert an apparent into a mean interval the application of the correction 
would be the reverse of the above ; ar use p. I. instead of p. II. 


(2) To convert an Interval of Mean Time into an Interval of Sidereal Time: 
To the mean interval add the acceleration corresponding to the given hours, 
minutes, and seconds (see Nautical Almanac Table, “‘ Intervals of Mean Solar 
Time into intervals of Sidereal Time,” etc. or Accelaration Table in Norie’s 
Tables. 

Example.—Convert an interval of 6h. 12m. 42s. mean time into an. 
equivalent interval of sidereal time. . 


H. M. s. 
Mean interval 6 12 42 
6h. 59-14: 
12m. 1-97 
42s. O-Ir 


Sidereal interval 6 13 43°22 


(3) To convert an Interval of Apparent Time into an Interval of Sidereal 
Time: From the Nautical Almanac, p. I. of the month, and day, take 
out the “ Var. in th.” of the sun’s right ascension, and multiply it by the 
interval (hours and decimal of an hour) ;. the result is the correction to be 


added to the apparent interval. oe 





CONVERSION OF TIMES 263 


Example.—December rIth; the apparent interval being 7h. 42m. 3s. 
Required the sidereal interval. 





s. H. M. s. 

R.A. var. in th. 1102 App.interval. 7 42 3 
Mult. by int. 77 Cor. I 249 
6,0 ) 84°854 Sidereal int. 7 43  27°9 





‘Correction I 24-9 


(4) To convert an Interval of Sidereal Time into an Interval of Mean Time : 
Subtract from the sidereal interval the retardation given in Retardation Table 
in Norie’s Tables. Or convert the interval by the Nautical Almanac, “ Table 
for converting Intervals of Sidereal Time into equivalent Intervals of Mean 
Solar Time.” 

Example.—Convert 8h. 18m. 14s. of siderea]l time into mean time. 


By Nautical Almanac 


» xy OM, s. 

8h. 2.62.0 7 58 41-36 
18m. «2... eee 17 57°05: 
T4S. sev eesae 13°96 


Mean int. 8 16 52:37 


The foregoing Rules (1, 2, 3, 4) relate exclusively to intervals of time, 
and the following Rules appertain to problems connected with abso/ute 
dime. 


II.—To coNVERT APPARENT TIME INTO MEAN TIME 


This conversion is commonly required in the problem of finding time 
at ship by the sun, and thence the longitude through the Greenwich date. 


Note.—For this conversion the Greenwich date must either be given, or otherwise found 
from the ship’s time and longitude. 


RUuLE.—The Greenwich date mean time being given, correct the equation 
of time from p. NM. of Nauticat Almanac by the “ Var. in rh.”’ and the 
given Greenwich time (see p 237); then apply the corrected equation of 
time to the apparent time at ship according to the precept standing above 
the equation of time on p. I. of Nautica] Almanac. 

Example—Given apparent time at ship 3h. 4m. 23s. p.m., and the 
Greenwich date January 5d. gh. 42m. 2s. mean time. Required the mean 
time at ship. 





s. q. M. s. 
Eq. of T. var. in rh. = Ielr App. T. at ship 3 4 23 
Gr. time 97 Correct eq. of T. + 5 54°45 
Correction + 10-767 Mean T. at ship 3 10 17-45 p.m, 


Eq. of T. (N.A. p. IL.) 5 43°68 


Correct Eq. ++ 5 54°45 to be added to App. T. 


Nore.—If required, the Green. Date M.T. could, in this case, be converted into Green, 
App. T. by applying the Eq. of T. to it, according to precept in Naut, Alm, p, II: thus— 
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dD. H. M. s. 
M.T.G. Jan. 5 9 42 2 
Eq. of T. — 5 54-45 


App. T. at Green. 5 9 36 7°55 


Example.—Given apparent time at ship 20h. 30m. 42s. (Ze. 8h. 30m. 
42s, a.m.), and Greenwich date November 23d. 6h. 12m. 4s. mean time. 
Required the mean time at ship. 





M. s. H. M. s. 

Equat. of T. 13 253 App. T. at ship 20 30 42 
F705 X62 = — 43 Cor. eq. of T. — 13 2 
Cor. eq. — 13 2x (sub. from App. T.) Mean T. at ship 20 17 21 


In this case the ship time expressed as civil time would be apparent time 
8h. 30m. 42s. a.m., and mean time 8h. 17m. 21s. a.m. 


III.—To convert MEAN TIME INTO APPARENT TIME 


This conversion is required in several problems, as in the “‘ Reduction 
to the Meridian,” and for ‘‘ Time Azimuths of the Sun,” etc. 

The Greenwich date must either be given or otherwise found from the 
ship's time and longitude. 

RvuLe.—Correct the equation of time for the Greenwich date, and apply 
the corrected equation of time to the given mean time, according to the 
precept standing above the equation of time on p. II. of Nautical Almanac. 

Example.—Given mean time at ship 6h. 4m. 42s. p.m., and the Green- 
wich date January 31d. 8h. 48m. ros. mean time. Required the apparent 
time at ship and at Greenwich. 








M.S. H. M. S. H. M.S. 
Equat. of T. (N.A.p. II.) 313 43°54 Ship M.T. 6 4 42 Gr. M.T. Jan. 31d. 8 48 to 
"354 xX 88=Cor + gr Eq. of T. — 13 46°6 Eq. of T. — 13 466 
ie Eg. rahe eau ae ae 
eb tesa sk — 13 46°65 App.T.atship 5 50 °55:4 App.T.atGreen. 8 34 23°4 


IV.—To conveRT GREENWICH MEAN TIME INTO SIDEREAL TIME AT 
GREENWICH 


Ruie.—Accelerate the sidereal time (Nautical Almanac, p. II.) for the 
Greenwich mean time (see p. 247); the result is the mean sun’s right 
ascension. To the Greenwich mean time add the mean sun’s right ascen- 
sion, the sum (rejecting 24h if necessary) will be the sidereal time at 
Greenwich. 


Formula— | G. Sid. T. = G.M.T. + M.o’s R.A. 


Example.—January 4d. 2h. 4m. 50s. mean time at Greenwich. Re-- 
quired the sidereal time at Greenwich. 
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H. M. s. 
Sid. T. (N.A. p. IL.) 18 56 1o-go 
Accel. for 2h. 19°71 
“ny 4m. “66 
» «508. r4 \ 
Mean sun’s R.A. 18 56 34-41 
H. M. s. 
Green. M.T. 2 4 50 A 
ae” Mean sun's R.A. 18 56 31-4 M 


Sid. T. at Green. 22 X 21-4 _ 


The circle is the Equinoctial, P the Pole, P Q the Meridian of Green- 
wich, A the first point of Aries, and M the Mean Sun. AM Q is the G. Sid. 
T.. Q M theG. M.T., and A Mthe M.S. R. A. The right ascension is 
always reckoned in the direction of the arrow from A. 


V.—To CONVERT MEAN TIME AT A GIVEN PLACE INTO SIDEREAL TIME AT 
THAT PLACE 
The Greenwich mean time must be known, or found through the mean 
time at place and the longitude. : 
RuLeE.—Find the mean sun’s right ascension as in the previous case, 
or by p. 247. To the mean time at place add the mean sun's right ascen- 
sion, and the sum will be the sidereal time at place, or right ascension of 
the meridian. 


Formula— Sid. T. obs. or R. A. Mer. = M. T.S. + M. o’SR. A. 


Example.—January 18th, at 8h. gom. 24s. p.m. mean time at place of 
observation, the Greenwich date being January 18d. roh. 50m. 38s. Find 
the sidereal time at place of observation. 


H. M. s. H. M. s. 

Sid. T. (N.A. p. IL) xg 5x 22-75 M.T. at place 8 40 24 
Accel. for roh. xr 38-56 Mean sun’s R.A. 19 53 9°58 
” 50m. 8-21 . 2 GL Ae 
38s. ve Sid. T. at place 4 33 33°58 


Mean sun’s R.A. 19 53 9°58 
Note.—The diagram is similar to that in IV., P Q being the meridian of the place. 


VI.—To convERT APPARENT TIME AT A GIVEN PLACE INTO SIDEREAL 
TIME AT THAT PLACE H 


Ru1e.—Find the Greenwich date (apparent time); from the Nautical 
Almanac, p. I., take out the sun’s right ascension for the Greenwich date, and 
correct it by the ‘‘ Var. in r hour” for the Greenwich Apparent time. « 

Then, to the apparent time at place add the sun’s right ascension (cor- 
rected) ; the result will be the right ascension of the meridian, or sidereal 
time of observation at place. 


Formula— R.A. Mer. or Sid. T. obs. = A. T. S. + App.o’s R.A. 
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Example.—December 3d., at 7h. 53m. 46s. p.m. apparent time at place, 
in long. 30° W. Find the right ascension of the meridian, or sidereal time 


at place. 


D :H. M OS. 

Dec. 3 7 53 46 

W. long. 30° = 2 0 oO 
Green. date, A.T. 3 9 53 46 


Var. in rh. = s0mk6 

99 

6,0)10,7°4744 

+ I 474 

Sun’s R.A. (N.A. p. I.) 1639 2:2 
Sun’s R.A. (corrected) 16 40 496 
o M. s. 


App. T. at place 7 53 46 
Sun’s R.A. (corrected) 16 40 496 


R.A.M. or Sid. T. at place 0 34 35°6 





The circle is the Equinoctial, P Q the Meridian of the place, A the first 
point of Aries, and Sthesun. QAis the R.A. mer., QB the A.T.S, and 
A QB the sun’s R.A. 

If preferred, the apparent time at place might be converted into mean 
time at place by II., and then into sidereal time at place by V. 


VEI.—To convert SIDEREAL TIME AT PLACE (OR THE RIGHT ASCENSION 
OF THE MERIDIAN) INTO MEAN TIME AT PLACE 


You will require a Greenwich date by which to get the mean sun's right 
ascension, for which see Case IV. p. 264, or p. 747. Then, 

RuLe.—From the sidereal time at place {7.e. the right ascension of the 
meridian), subtract the mean sun’s right ascension, borrowing 24h. if 
required, before which write the date at place. 

N.B.—This case is the reverse of the preceding case V. 


Furmula— M. T.S, = Sid. T. obs. — M. 0’s R.A. 
Exampce I, Exampve II. 
H. M. s. H. M. s. 
Suppose, Sid. T. at place 14 I0 40 — -eeeesseeeeceeeeee 3 36 IF 
Mean sun’s R.A. 4 50 48 aaceeabteves Scavelgie ie ttce Io 54 37 
M.T. at place g I9 52 M.T. at place 16 41 34 


With regard to all problems in which the right ascension of any of the 
heavenly bodies is introduced, attend to the following remark : © 

Caution —Remember that whenever we speak of one right ascension 
as being subtracted from another, for the purpose of obtaining a third right 
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ascension, it is always tacitly supposed that 24 hours is added (if necessary) 
to the one from which the subtraction is to be made; and whenever one 
right ascension is to be added to another, to get a third right ascension, 24 
hours is always suppressed from the sum if it exceeds that quantity. There 
is no displacement of a celestial object by increasing its right ascension by 
24 hours, or by 360°, if the right ascension be expressed in angular measure. 
Also— 

Hour Angle of any Heavenly Body.—Remember that whenever time, 
_or an object’s hour angle, is considered astronomically, it is reckoned from 
oh. om. os. when on the meridian, thence westerly through 24 hours, to 
the meridian again. Hence when an object is east of the meridian we can 
convert the easterly into a westerly hour angle, thus— 


Westerly H. A. = 24h. — Easterly H. A. 


t.e., by subtracting the easterly hour angle from 24 hours, we get the 
westerly hour angle. 


VIII.— MERIDIAN PaSSAGE OF THE SUN 


The apparent time of the sun’s meridian passage is oh. om. os., except 
below the pole, when it is 12h. om. os. 

For the mean time of the meridian passage :— Take the equation of time 
from Nautical Almanac, p. I., and reduce it for the longitude as a Green- 
wich date (see p. +39); then apply equation of time according to precept 
on Nautical Almanac, p. I. 


Example.—March 2nd ; long. 135° W. Example—Nov. yoth; long. 30° E. 
Find the mean time of sun’s meridian Find the mcan time of sun's meridian 


Pussage. passage. 
H. M. s. N. OM. s. 
(N.A.)Eq. of Tf. 0 12 18-6 (N.A.) of Eq. of T. o rr 8-9 
522 X gh. = a AY ‘916 X 2h. = 0 + 18 
Cor.eq.of T.+ 0 12 139 Cor. eq. of T.— 0 IX 10-7 
App. noun. 0 Oo 0 App. noon o 0 0 
MT. of mer. pass. o I2 13-9 p-m. M.T. of mer. pass rr 48 49:3 a.m. 
Or, March 2d. 0 2 13°9M.T. Or, Nov. 29d. 23. 48 49-3 M.T. 


IX.—MERIDIAN PASSAGE OF A FIXED S7AR 


The approximate apparent time of a star’s meridian passage is given in 
Table of Star’s Mcr. Passage, and for the correction see ‘‘ Explanation.” 

For the mean time of a star's meridian passage. 

RuLe.—Enter Table of Star’s M r. Pass. and note whether the time there 
given is more or less than 12 hours. From the star’s right ascension taken 
from the ‘‘ Apparent Places of the Stars ’ in the Nautical Almanac (increased 
by 24 hours if necessary) subtract the sidereal time (Nautical Almanac, p. II.) 
at mean noon of the astronomical day (this is the same as the civil day if 
the time in Table of Star’s Mer. Pass. is less than 12h. or p.m., but is one less 
than the civil day if the time in the Table is more than 12h. or a.m.); the 
remainder is the approximate mean time of transit, civil time. From the 
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Retardation Table take out the retardation corresponding to this remainder 
and subtract it from the approximate mean time of transit. Also take from 
the same Table the retardation corresponding to the longitude in time, and 
add for E. longitude, but subtract for W. longitude. The result is the mean 
time of the star’s meridian passage. 


Formula-— M. T.S. = *’s R.A. —M. o’s R.A. 


Example.—January 11th; long. 45° W. Find the mean time of the 
meridian passage of Aldebaran. 


The time in Table of Star's Mer. Pass. isless than 12h. Astronomical date same as Civil date 


H. M. s. 
Aldebaran R.A. 4 29 36°5 
Sid. T. mean noon 1rth 19 23 4468 


M.S. 9 5 497 
Ret. gh. = 1 28°5 
5m. 8); — I 294 
50s. I 
9 4 203 
Ret. 45° W. or 3h. — 295 





M.T. mer. pass. 11th g 3 508 p.m. 


Q 


The circle is the equinoctial, * the star on the meridian PQ, A the first 
point of Arics,and Mthemeansun. QMistheM.T.S., AQ the Star's R.A,, 
and also the R. A. Mer., and AQM the M. 0’sR. A. 

Example—January 2tst, civil time ; long. 120° E. Find the mean time 
of the meridian passage of Regulus. 


The time in Table of Star's Mer. Pass, is more than1tzh. Astronomical date goes back one day, 





H. M. Ss. 
Regulus R.A. 10 2 31°51 A M 
Sid. T. mean noon 20th 19 59 15°8 S 
14 3 153 
M. 6S. H M. s. 
Ret. r4h. = 2 175) — 2 181 
3m. | 
14. 0 572 


Ret. 120° E. or 8h. + 1 186 
M.T. mer. pass. 20th I4 2 15°8 
Civiltime 2tst 2 2 158 a.m. 





The explanation of the diagram is the same as in the previous example. 


For the apparent time of a star's meridian passage. 
Rure.—Proceed as in finding the mean time of meridian passage, using 
apparent sun’s right ascension (Nautical Almanac, p. I.) instead of sidereal 
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time, and the two corrections will be found by using “ Var. in r hour” of 
sun’s right ascension. 


Formula.— A. T. 5. = #'s R: A. — App. o’s R.A. 


Example.—January 11th; long. 45° W. Find the apparent time of 
meridian passage of Aldebaran. 


He, M. Ss. 
Aldebaran R.A. 4 29 36:5 8 
Sun’s R.A. apparent noonrith 19 32 2°7 © 
Ss. 8 57 338 
“Var. in rh.” 10:84 X 8-96 —- I 37°I 
8 55 56-7 
Long. 45° W. = 3h. 10°84 X 3 — 325 A 


App. T. mer. pass. 11th 8 55 24:2 


The circle is the equinoctial, * the star on the meridian P Q, A the first 
point of Aries, and S the sun. Q Bis the A. T.S., A Q the star’s R. A., and 
also the R. A. of the meridian, and A Q B the sun’s R. A. 


X.—GIVEN THE MEAN TIME AT PLACE TO FIND WHAT PRINCIPAL STARS 
ARE EAST AND WEST OF THE MERIDIAN 


RuLEe.—Find the sidereal time at place, or right ascension of the meridian 
by Case V., p. 265; then, since the stars pass the meridian in the order of 
their right ascension, and they are catalogued in the Nautical Almanac in 
that order, turn to Nautical Almanac ‘“ Mean Places of Stars,” or to Table 
of Mean Places of Stars in Norie’s Tables, and find the right ascension 
corresponding nearest to the sidereal time at place. All the stars having 
less right ascension than the sidereal time are wes¢ of the meridian; all with 
greater right ascension are east of the meridian. 

For the possible visibility of the stars, remember that if declination of star 
and latitude of place are of different names, one N. and the other S., and the 
declination be greater than the co-latitude, such stars are never above the 
' horizon of the observer, or if declination and latitude exceed go° the star will 
be below the horizon. $ 

Also, with declination and latitude of the same name, when the polar 
distance is less than the latitude the star is circumpolar. 

Example.—January 19th, at rh. 20m. a.m. mean time in lat. 49° N., the- 
Greenwich date being Jan. 18d. 16h. 7m.; what principal stars are visible: 
E. and W. of the meridian ? 





H. Ss. 
Ship M.T. Jan. rod. =x 20 oam. 


» 8d. 13 20 Oo 
(N.A.) Sid. T. meannoon rg 5L 22:7 
Accel. for 16h. 7m. 2 388 
Sid. T. at place, or R.A. mer. g 14 1°5 
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Ans.—By Nautical Almanac or Table of Mean Places of Stars in 
Norie’s Tables.— 

The stars with less right ascension, and visible, are Pollux, 
Procyon, Castor, Sirius, @ Orionis, Rigel, Capella, and Aldebaran, 
W. of the meridian. 

The stars with greater right ascension, and visible, are a Hydra, 
Regulus, a Urse Maj., Spica, » Urse Maj., and Arcturus, E. of 
the meridian. 

The bright stars Canopus, » Argus, a Crucis, B Centauri, and 
a Centauri are never visible in lat. 49° N.; the declination of each 
being greater than co-lat. 41°. 

N.B.—It is often convenient to know what bright stars will pass the meridian 

between any given hours. 

RuLE.—To each of the given times add the sidereal time (Nautical 
Almanac, p. II.) for Greenwich noon of the day; thus you have two 
approximate sidereal times at place corresponding to the given hours. Now, 
turn to Nautical Almanac for ‘“‘ Mean Places of Stars,’’ or Table of Mean 
Places of Starsin Norie’s Tables and allstars whose right ascension lies between 
the two sidereal times at place will pass the meridian in the given interval. 

Example.—What bright stars will pass the meridian between 6h. p.m. 
and rrh. p.m. mean time, on November 7th ? 


H. M S. H. M. Sz. 

Ship time 6 0 0........ Il 0 0 
(N.A.)Sid.T. 15 6 33 ........ 15 6 33 
Approximate R.A. mer. 21 0 33 ....-.-- 2 6 33 


Auns.—Turn to Nautical Almanac or Table of Mean Places of Stars in 
N rie’s Tables and find right ascension 2rh. ; all stars with less right ascen- 
sion will have already passed the meridian; the stars with greater right 
ascension are a Gruis, Fomalhaut, and Markab; but the stars with less right 
ascension, at the beginning of the Catalogue, will follow Markab; these 
are the stars in Andromeda, Pegasus, Cassiopeia, Eridanus, and Aries ; but 
which of all these will be seen depends on the latitude of the place, and the 
declination of the star. 


XI.—To FIND THE Hour ANGLE (H. A.) OF A STAR AT A GIVEN TIME 
AND PLACE 


RuLe.—To the mean time at place add the mean sun’s right ascension, 
_ and from the sum (which is the sidereal time or right ascension of the 
meridian) subtract the star’s right ascension (borrowing 24 hours if 
necessary) ; the remainder will be the westerly hour angle or meridian dis- 
tance ; if the W. hour angle exceeds 12h. subtract it from 24h. for the less 
or E. hour angle, if required. 
R. A. M. 
Formula — H. A, = —————~--————7 — *'s R.A. 
M.T.S. + M.o’sR.A. 
If the apparent time at place is given, find the sidereal time or right ascen- 
-sion of the meridian by VI., p. 265 and subtract the star's right ascension. 
R. A.M. 


Jla— HA. = ———- eee 
Formula A.T.S. + App. o’sR. A. 


N.B.—“‘ Star” may here denote amy heavenly body, except the sun. 
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Example—January 18th, at 8h. 4om. 24s. p.m. mean time at place; 
the Greenwich date being Jan. 18d. roh. 50m. 38s. Find the hour angle’ 
of Sirius. 


N.B.—The elements of the problem are brought forward from p. 265.- 


HH. M. s. 
M.T. at ship 18d. 8 40 24 
Mean sun’s R.A. I9 53 9°6 
R.A.M. or Sid. T. obs. 4 33 33°6 
(N.A.) SirlusR.A. 6 40 18-5 
H.A. of Sirtus 2r 53 5°r W. 
24 
H.A. of Sirius 2 6 44-9 E. 
N.B.—The E. H. A. could have been 


found in a direct manner by subtracting 
the Sid T. from the *’s R. A. 





The circle is the equ'noctial, P Q the meridian of the place, A the first 
point of Aries, M the mean sun, S the star, Q AM B is the W. H. A., and. 
QBthe E.H.A.,Q MtheM.T.S.,AQM the M.S. R.A., AQ the Sid. T., 
or R. A. mer., and AQ B the *’s R. A. 


XII.—To Fino THE Hour ANGLE (H.A.) oF A STAR, THROUGH THE Hour: 
ANGLE OF ANOTHER STAR WHICH HAS BEEN PREVIOUSLY FOUND 


RuLe.—To the given star's westerly hour angle add its right ascension, ; 
the sum will be the sidereal time at place, from which subtract the right 
ascension of the star for which the hour angle is required ; the remainder will 


be the wes¢erly hour angle which, if more than 12h., can be subtracted from: 
24h. for the easterly hour angle. 


Formula— Sid. T. = (given) *’s W. H. A. + R.A. 
W. H. A. (required *) = Sid. T. — R.A. 


N.B.—All the necessary data must be corrected for the Greenwich date,. 
astronomical time. 


Example.— 
aH. M. Ss. 
Suppose, *’sH.A. 6 14 20E. 
24 


*'SH.A. 17 45 40 W. 
*'sR.A. 17-0 20 


R.AM. or Sid. T. 10 46.0 
p'sR.A. 5 47 23 


pisH A. 4 58 37W. 
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The circle is the equinoctial, P Q the meridian of the place, A the first 
point of Aries, S the star, and M the moon. Q B is the E. H.A., and 
Q AB the W. H. A. of thestar, Q C the W. H. A. of the moon, ACQB the 


R. A. of the star, and AC the R. A. of the moon, A CQ the Sid. T. or R.A. 
meridian. : 


XI]].—Tue Hour Ancie (H. A.) oF A STAR HAVING BEEN FOUND AT A 
GIVEN PLACE AND DaTE, TO FIND THE MEAN TIME AT PLACE 


RULE.—To the star’s westerly hour angle add the star’s right ascension ; 
the sum will be the siderea] time at place or right ascension of the meridian 
(R. A. M.), from which subtract the mean sun’s right ascension ; and the re- 
mainder will be the mean time at place. 

N.B.—If the star be east of the meridian, subtract its hour angle from 
24h. for the westerly hour angle ; and then proceed as above. 


RAM, SOS ee 
Formula— —_+—_— — M. o’s RR. A. = M.T. S. 
*'s W. H. A. + R.A. 


Example.— January 4th a.m. at ship; when the mean time at Greenwich 
was Jan. qd, 3h. 22m. 24s.; the hour angle of Regulus W. of the meridian 
was 2h. 14m. 49s. Find the mean time at place. 


ba . 


: - a. M. s. H. M. s. 

Sid. T. (N.A. p. If.) 18 56 10-9 Regulus H.A. 2 14 49 W. 
Accel. for Gr. date + 33:2 » RA. 10 2 32 
Mean sun’s R.A. 18 56 44°1 R.A.M.orSid.T. 12 17 20 
Mean sun’s R.A. 18 56 44 


M.T. at ship, Jan. 3rd 17 20 36 


Example.—Or suppose a star’s hour angle east of the meridian, then— 


H. M. s. 
SHA. 5 #15 17 E. 
24 


*’SH.A. 18 44 43 W. 
SRA. Il 24 54 


R.A.M. or Sid.T. © 9 37 
Meansun’sR.A. O I 47 


M.T. at ship 6 7 50 
The diagram is similar to that in XI. 











SPECIFIC GRAVITY AND MISCELLANEOUS 
CALCULATIONS 


The specific gravity of a body may be defined as the ratio which exists 
between the weight, or density, of any substance when compared with 
another substance taken as a standard of comparison. For solids, distilled 
water is taken as the standard to which al! other solids are referred when 
finding their specific gravity. The specific gravity of distilled water is 
taken as 1, or, as it is called, unity. 


Whilst specific gravity does not tell you the absolute weight of an 
element, it conveys to you a clear idea of its weight compared with distilled 
water. and when the volume of the element is known its weight can readily 
be found, as will be seen in the following calculations. 


A cubic foot of distilled water weighs 1,000 oz , but it would be incorrect 
to say that the specific gravity of distilled water 1s 1,000 oz 


It is necessary to know the weight of a cubic foot of distilled water in 
order to find the weight of any other body when its specific gravity and 
volume are given. 


A cubic foot of the Atlantic weighs about 1,025 oz., but its specific 
gravity is 1-025, or twenty-five thousandths heavier than distilled water. 
If you were to evaporate a cubic foot of the Atlantic water you would find 
about 25 oz. of solid matter, principally salt, lying at the bottom of the 
receptacle in which it was boiled. 


We shall now show how to find the specific gravity of a solid heavier 
than water, First weigh the element, whose specific gravity is required. 
in water ; then weigh it in air ; divide its weight in air by the loss of weight 
«when weighed in water; the result is its specific gravity. 
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Example.—A piece of iron when weighed in water was found to 
24 lbs., and when weighed in air was 28 lbs. Required its specific gravi 


Weight in air 28 Ibs. = W 


A » water 24 5 
Loss of weight 4, =w 
= = sp. gr. .% = = 7 = sp. gr. required. 


To find the Specific Gravity of a Log of Square Timber of Uniform Section 
throughout 
Put the log into the water and note the depth to which it is immerse 


divide the depth, to which it is immersed, by the sectional depth of 
log, and the result is its specific gravity. 


Example.—A log of wood 70 feet long and 2 feet square was floating 
a draft of 18 inches. Required its specific gravity. 


/ 
se 


Answer.—Specific gravity +75. 


If this log were constrained to stand in a vertical position it wor 
float at a draft of 70 x } = 52} feet. 


Let it now be required to find the weight of the log and the pressi 
per square inch on the immersed end. 


To find the Weight of the Log 


Multiply the number of cubic feet in the log by its specific gravity a 
then by 62-5 lbs., and the result is the weight required. 


jo X 2 X 2 = 280 cubic feet in log. 
Then 280 X +75 = 210 cubic feet of water displaced. 
and 210 X 62:5 = 13,125 lbs. = weight of log. 


To find the Pressure per Square Inch on Lower End 


Divide the weight of the log by the area of end section, in inches, a 
the result is the pressure per square inch. 


Area of end = 2 X 2 X 144 = 576 square inches, 


13125 


and 576 22-8 lbs. nearly, the pressure per square inch. 
/ 


If the spar were floating in a horizontal position the pressure per squi 
inch would be -65 lb. 
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To find the Cubic Capacity of a Circular Tank 6 feet in diameter and 15 feet 
deep, also the Number of Gallons it would contain, and the Weight 


Area of circular section equals diameter squared multiplied by -7854. 


Thus 6 xX 6 X +7854 = 28-2744 [{t. area required. 
and 28-2744 X 15 = 424-1 ft. cubic capacity required, 
and 424°1 * 6°25 = 2650°6 gallons 
and vs" = r1°8 tons nearly. 
~ 


35 cubic feet of salt water, and 36 cubic feet of fresh water, weigh r ton. 
Hence if the tank were full of salt water of specific gravity 1-025, divide by 35. 


To find the Draught to which a Vessel may be loaded in Water which differs 
from Salt Water whose Specific Gravity is 1-025 


Find the specific gravity (by hydrometer) of the water in which the 
ship is loading, and take the difference between this and the specific gravity 
of salt water and form a fraction; multiply the allowance for fresh water 
by the fraction just found, and the result is the amount the vessel's draught 
may be increased. 


Example,—A vessel is loading in water whose specific gravity is r-or5. 
How much may the salt water loadline be immersed, the allowance for 
fresh water being 6 inches ? 


1-025 — rOI5 = I0 
10 2. 
— x 6=2- inches. 
25 5 


The salt water loadline may, therefore, be immersed 2 = inches. On 


Un 


eae jot ER 
going into salt water she would rise 2= inches. 
5 


The above method, although not absolutely correct, is sufficiently correct 
for all practical purposes. 
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PLANE SAILING 


PLANE SAILING is the art of navigating a ship upon principles deduced 
‘rom the supposition of the earth being an extended plane. On this supposi- 
tion the meridians are considered as being all parallel to each other, the 
parallels of latitude at right angles to the meridians, and the length of a 
degree on the meridian, equator, and parallels of latitude everywhere equal. 
In this sailing there are four principal parts, viz., the course, distance, differ- 
ence of latitude, and departure. Difference of longitude is not considered. 
The methods of calculation by plane sailing are sufficiently accurate in low 
latitudes, but only partially accurate in the higher latitudes, unless the 
distance sailed be small and the course near a meridian. ; 

The Course is the angle which a ship's track or path makes with the 
terrestrial meridian, and is hence the ¢rue course, always reckoned from the 
north or south point of the horizon, towards east or west, either in points 
of the compass, or in degrees. 

‘DISTANCE is the number of nautical miles between any two places 
reckoned on the arc of the rhumb curve; or itis the length of a shin’s track 
when she sails on a direct course, in a given time, from one place to another. 

Rhumb Line.—Looking from the centre of the 
compass towards any point on the horizon, the 
direction is the rhumb line as indicated by the 
compass ; but the continued rhumb line which a 
ship t.aces out when sailing from E to A (see Fig.), 
without altering the course, is the riumb curve, 
which may be defined as the shortest line which 
can join two points on the globe, cutting all the 
meridians which it crosses at the same angle. The 
Jength of any portion of the rhumb curve is the 
nautical Cistance. 

This line, also known as the loxodromic curve, is in its continuity an 
unending spiral, winding round the pole, but never reaching it. 

DiF FERENCE OF LATITUDE is the distance which a ship makes in a north 
or south direction from one place to another, and is reckoned on a meridian. 

DEPARTURE is the true east or west distance (in nautical miles) that a ship 
makes when sailing on an oblique course. It receives its name from being 
taken to (approximately) measure how far a ship has departed from the 
meridian ; it must not be confounded with difference of longitude, although 
it is the basis whence longitude by dead reckoning is derived. 

If a ship sail due north or south, she sails on a meridian, makes no 
departure, and her distance and difference of latitude are the same. 

If a ship sail due east or west, she runs on a parallel of latitude, makes 
no difference of latitude, and her departure and distance are the same. . 

But when a ship sails in any other direction than on a meridian or on 
a parallel, she makes both difference of latitude and departure, and these, 
with the distance, form a right-angled triangle, the hypotenuse of which is 
the distance sailed, the perpendicular is the difference of latitude, the base is 
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the departure, the angle opposite to the base is the course, and the angle 
opposite to the perpendicular is the complement of the course ; hence, any 
two of these parts being given, the rest may be found by plane trigo- 
nometry. 

When a ship’s course is 4 points, or 45 degrees, the difference of latitude 
and departure are equal. 

When the course is less than 4 points, or 45 degrees, the difference of lati- 
tude is greater than the departure. 

When the course is more than 4 points, or 45 degrees, the departure is 
greater than the difference of latitude. 


Given the True Course and Distance, to find the Difference of Latitude and 
Departure 


Example.—A ship from lat. 48° 40’ N., sails N.E. by N. 296 miles: 
required her present latitude, and the departure made good. 


BY ‘CONSTRUCTION 


Draw the line B C to represent the meridian the 
ship sailed from ; with the chord of 60° in the compasses, 
and one foot in C, describe the arc NE; from N to E 
lay off the chord of go°, and draw the line C E: then 
will NC E represent the N.E. quarter of the compass. 
Take the course, three points, in the compasses from 
the line of rhumbs, which lay off from N towards E, and 
through the point where it cuts the arc draw the line 
C A, which make equal to the distance 296, taken from 
a scale of equal parts; through A draw the line B A 
parallel to C E (Prob. IV. Geom.); then will B A 
represent the departure equal to 164 miles, and C B the 
difference of latitude 246 miles. 





BY CALCULATION 


To find the Departure To find the Diff. Latit::de, 
Dep. _ i D. lat. _ 
Diet, = 0-0 De = co., 
“. dep. = dis. x sin. co. -*. D. lat. = dis. x cos.co. 
Log. dep. = log. dist. Log. D. lat. = log. dist. 
+ L. sin. co. — ro + L. cos. co. — ro 


Distance 296 miles log. 2°471292 Distance 296 miles Log. 2-471294 
Course 3 pts.* sin. 9°744739 Course 3 pts.* Cos. 9°919846 
Departure 164-4 miles log. 221603 Diff. lat. 246-1 miles log. 2°391138 


Notze.—This case is the basis on which the Traverse Tables are constmcted, and to which 
constant reference is made in navigation. 


* When the courses are given in points of the compass, the Jog. sine, cosine, tangent, ate., are 
‘to be taken from the Table of Log. sines, etc., for points and quarter points, oa 
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To find the Latitude in 


Latitude left ...........4.. 48° go'N. 
Diff. of latitude 246 miles, or 4 6 .N. 
Latitude in .............- 52 46 N. 


Ans. Lat. in 52° 46’ N., departure 164°4 miles, 


BY INSPECTION 


Previous to resolving the cases by Inspection, read very carefully the 
Explanation of the Traverse Tables. If the course is less than 4 points, 
or 45°, it is taken from the top of the page; if more than 4 points, or 45°. 
take it from the bottom of the page, being careful to find the d. lat. and 
dep. in their proper columns. When the larger of the two given numbers 
is the d. lat., seek it in the column marked “d. Lat.” at the top of the page 
until the smaller number is found by its side in the column marked “‘ Dep.” 
at the top; then the course corresponding to that d. lat. and dep. will 
be found at the top of the page, and the distance will be found on the left 
of the above numbers, in heavy type. in the column marked “ Dist.”’ at the 
top and bottom. If the dep. is more than the d. lat. the course will be at 
the bottom of the page and the d. lat. and dep. columns are reversed in 

‘ position as compared with the top. 

Enter the Traverse Table, and find the course 3 points (at the top of the 
page), and in one of the columns marked “ Dist.’’ find the distance 296 ; 
then opposite to this, in the columns marked “ Lat.” and “ Dep.,’’ will be 
the difference of latitude 246-1, and the departure 164-4. 


Given the Difference of Latitude and Departure, to find the True Course 
; and Distance ; 
Example —A ship from Funchal, in Madeira, in lat. 32° 38’ N., sails a 
direct course between the south and west until she is in lat. 31° 13’ N. by 
observation, having made 72 miles of departure : required her true course, 
and distance run. 


Latitude of Funchal........ 32° 38’ N. 





Latitude in, by observation 31 13 N. 
Difference of latitude ...... r 25 S. = 85 miles. 


BY CONSTRUCTION 


Draw the meridian line C B, and from C describe 
the quadrant S C W; from C to B lay off the differ- 
ence of latitude 85 ; through B draw A B parallel to 
C W, and equal to the departure 72; and join AC; 
then the course A C B will measure 40}°, and the 
distance A C 11x miles. , 


Diff.of Lat.85 nr. 
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BY CALCULATION 


To find the Course To find the Distance ’ 
Dep. _ ; Dist. _ 
mie tan. co. : Dini, 7 58: 6O 
. Dist. = D. lat. x sec. co. 
Log. dep. + 10 — log. D. lat. Log. dist. = log. D. lat. 
= L. tan. co. + L. sec. co. — Io. 
Departure 72m.log.(+-10) 11857332 Diff. lat. 85 miles log. 1-929419 
Diff. lat. 85 miles log. 1-920419 Course 40° 16’ sec. IO‘II7450 
Course S. 40°16’ W. tan. 9'927913 Distance 111-4 miles log. 2-0460869 


By Inspection.—Seek in the Traverse Table till the difference of latitude 
85, and the departure 72, or the nearest thereto, are found side by side in 
their respective columns, which in this case will be under the course 40 
degrees; and the distance answering thereto will be 111 miles. 


Ans. Course S. 40° 16’ W., distance 111-4 miles. 


Obs.—.For all practical purposes these Examples might be computed with 
sufficient accuracy, using only four places of decimals in the logarithms. 


Examples for Practice : 
1. A ship from lat. 36° 30’ N., sails S.W. by W. (true) 420 miles: what 
is her latitude in, and what departure has she made ? 
Ans. Lat. in 32° 37’ N., and departure 349°3 miles. 


2. A ship from lat. 3° 54’ S., has sailed N.W. }? W. (true) until she 
arrives at Jat. 2° 14’ N.: required her distance run, and departure made 
good. 


Ans. Distance 617-8, and departure 496-2 miles. 
3. Aship from St. Helena, in lat. 15° 55’S., sails S.S.E. 4 E. (true) until 


she has made 115 miles of departure: required her latitude in, and the 
distance she has run. 


Ans. Lat. in 19° 30’ S., and distance 244 miles. 
4. A ship from lat. 28° 20’ N., sails north-easterly 486 miles, and finds 


by observation that she is in lat. 32° 17’ N.: what true course and what 
departure has she made ? 


Ans, Course N, 60° 49’ E., or N.E. by E. 4 E. nearly, and departure 424-3 
miles. 


5. A ship sails between the north and west 170 leagues from a port, 
in lat. 38° 42’ N., until her departure is 98 leagues : required her true course 
and latitude in. 


Ans. Course N. 35° 12’ W., or N.W. } N. nearly, and lat. in 45° 39’ N. 
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6. A ship from the Lizard, in lat. 49° 58" N., sails to the westward on a 
direct course, till she arrives in lat. 48° 11’ N., and finds she has made 87 
miles of westing : required her true course, and distance run. 


Ans. Course S. 39° 7’ W., or S.W. $S. nearly, and distance 137-9 miles. 


7. Aship from Ascension Island, in lat. 7° 56’ S., sails N.N.W. 2 W. (true) 
244 miles? required her latitude in, and departure made good. 


Ans, Lat. in 4° 27’ S., and departure 125 4 miles, 


8. A ship-from Cape St. Vincent, in lat. 37° 3’ N., sails between the south 
and west, till her difference of latitude is 69 miles, and her departure 215 
miles : required her true course, distance and latitude in. 


Ans. Course S. 72° 12’ W., or W.S.W. 4 W. nearly, distance 225-7 miles, 
and lat. in 35° 54’ N. 

g. A ship from the Lizard, in lat. 49° 58’ N., sails 456 miles to the west- 
ward, and then finds she is 360 miles to the southward of the Lizard: 
required her true course, departure, and latitude in. 

Ans. Course S. 37° 52’ W., or S.W. 3S. nearly, departure 279-9 miles, 
and lat. in 43° 58’ N. 

10. Aship from Cape Hatteras, in lat. 35° 15’ N., sails in the north-east 


quarter 226 miles, and. then finds that she is 198 miles to the eastward of 
the Cape: required her true course, and latitude in. 


Ans. Course N. 61° rr’ E., or N.E. by E. $ E., and lat. in 37° 4’ N. 
1x. If a ship take her departure at 6h. p.m. from Cape Verd, in lat. 
14° 45’ N., and sails W.S.W. $ W. (true) at the rate of 7 miles an hour 


until the next day at noon: what will be her distance run, departure, and 
latitude in ? 


Ans. Distance 126 miles, departure 120-6, and lat. in 14° VN 
12. A ship from lat. 55° 30’ N. sails S. 33° 45° W. (true) during 20 


hours, and then finds by observation she is in lat. 53° 17’ N.: required 
her rate of sailing per hour, and the departure she has made. 


Ans. Departure 88-87 miles, distance run in 20 hours 160 miles, and 
therefore her rate per hour 8 miles. 


13. Find the true course, supposing a ship to sail in the north-east 
quarter, until her departure is twice her difference of latitude. 


Ans. Course N. 63° 26’ 6” E. 


TRAVERSE SAILING 


When a ship, either from contrary winds or other causes, is obliged to sail 
on different courses, the irregular or zigzag track she makes is called a 
Traverse, or Compound Course ; and the method of reducing these courses 
and distances into a resultant course and distance is called resolving 2 traverse. 

To resolve a Traverse, make a Table (as in Example I.), and divide it 
into six columns; in the first of these set down the various courses, and 
opposite to them, in the second column, the corresponding distances: the 
third and fourth columns are to be marked, one N. and the other S. at 
the top, and ‘are to contain the differences of latitude; the fifth and sixth are 
to be marked E. and W., to contain the departures. 

The difference of latitude and departure corresponding to each course 
and distance can be found by plane sailing, as already indicated, but 
this is needless. 

The most common method of resolving the traverse is by inspection, using 
the Traverse Table in Norie’s Tables, to which you must now turn ; set the 
difference of latitude and departure down opposite the distance in their 
proper columns, observing that the difference of latitude must be placed in 
the N. column if the course be northerly, and in the S. column if the course 
be southerly ; and that the departure must be placed in the E. column 
if the course be easterly, and in the W. column if it be westerly. When 
the course is due north, south, east, or west, set down the whole distance 
in the column answering to its proper heading. This done, add up the 
columns of northing, southing, easting, and westing, and set down thesum 
of each at the bottom; then the difference between the sums of the north 
and south columns will be the difference of latitude made good, of the same 
name as the greater ; and the difference between the sums of the east and 
west columns will be the departure made good, also of the same name as the 
greater. 

With this difference of latitude and departure made good, find the 
direct course and distance made good, as in plane sailing; or again turn 
to the Traverse Tables as shown in the sequel. 

Example .—Suppose a ship from Start Point, in lat. 50° 13’ N., sail the 
following true courses and distances :—W.S.W. 51 miles, W. by N. 35 miles, 
S. by E. 45 miles, S.W. by W. 55 miles, and S.S.E. 41 miles: required 
her direct true course and distance sailed, and her latitude in. 


By CoNSTRUCTION 


. With the chord of 60° describe the circle N E S W, to represent the 
compass ; draw the diameters N S and E W at right angles, the one repre- 
senting the meridian, and the other the parallel the ship sailed from : take 
the courses from the line of rhumbs, and lay them off from the meridian in 
their respective quarters, and number them in order, 1, 2, 3, 4, etc.; thus, 
from S. to x lay off 6 points for the first course W.S.W. ; from N. to 2 lay 
off 7 points for the second course W. by N.; from S. to 3 lay off one point 
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for the third course S. by E.; from S. to 4 lay off 5 points for the fourth 
course S.W. by W. ; from S. to5 lay off 2 points for the fifth course S.S.E. ; 
and from the centre of the circle draw rhumb lines to each of these points, 
which may be produced to any length that is necessary. Upon the first 
rhumb C 1, lay off the first distance 51 miles, from C to A ; then will A 1epre- 
sont the ship’s place at the end of the first course; through A draw A B 





725°3M 


Di of Lat 


mn 


£ Departure 102'6m. 


parallel to the second course C 2 (Prob. 1V. Geom.), and make it equal to 
the second distance 35 miles ; through B draw B C parallel to C 3, and equal 
to 45 miles ; through C draw C D parallel to C 4, and equal to 55 miles ; and 
through D draw D E parallel to C 5, and equal to 41 miles. Through E 
draw the line E F parallel to the east and west line W E, meeting N S 
produced to F, and join C E. Then will C F be the difference of latitude 
made good, measuring 125’; E Fis the departure 102’, C E the distance 
162 miles, and the angle E C F the course 393° or 3} points. 


TRAVERSE TABLE 


To find the Lat. in 


Lat. left ..50°13'N.. 
Difflat.r25= 2 5 S, 


Latitude in..48 8 N. 
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Obs.—For practice you can verify, by plane sailing, the results taken 
from Traverse Table, and set down in the above columns of difference 
of latitude and departure. 

The Course and Distance made good may be calculated as already shown 
in plane sailing, and note that the course takes its name from the greater 
difference of latitude and departure columns. 


BY CALCULATION 


For the Course 
Dep. _ tan. co. 
D. Jat. 


Log. dep. -+- 10 — log. D. lat. 
= L. tan. co. 


For the Distance 
Dist. 

D. Jat. 

.. dist. = D. lat. x sec. co. 


Log. dist. = log. D. lat. 
+ L. sec. co. — Io 


= sec. co., 


Dep. 102-6m. log. (4+- 10) 12-011147 
Diff. lat. 125-3m. log. = 2°09795r 


Course S. 39°19’ W. tan. 9°913196 


Diff. lat. 125°3m. log. 


2 097951 
Course 39° 19’ 


sec. IO‘III452 
Distance 162m. log. 2:209403 


by which the direct course made good is S. 39° 19’ W. or S.W. 3S. ; and the 
distance 162 miles. 

But the usual method is to determine the Course and Distance by 
Inspection. 

By 1; :hection.—Seek in the Traverse Table till the difference of latitude 
125-3, and departure 102°6, are found side by side, each in its proper column ; 
the nearest to these will be 125-1 and 101-3, which give the course S. 39° W. 
at the top; and the distance 161 in distance column. 


Ans. Course S. 39° 19’ W., distance 161 miles, lat. in 48° 8’ N. 


Example 11.—A ship from the North Foreland, in lat. 51° 23’ N., and 
bound to the Texel, which lies in lat. 53° 2’ N., and 115 miles to the east- 
ward, sails the following true courses and distances :—N.E. 35 miles, E. by S. 
25 miles, N.E. by E. 4 E. 40 miles, North 21 miles, and N.W. by W. 30 
miles ; required her true course and distance made good, the latitude she 


is in, and the departure made ; also the direct true course and distance from 
. the ship to the Texel. , 


BY CONSTRUCTION 


With the chord of 60° describe a circle, through the centre of which 
draw the north and south, or meridian line, N S, and at right angles to it 
the east and west line W E; lay off from the meridian, upon the circum- 
ference of the circle, the courses in their proper quarters, number them 
in order, and draw a rhumb line from the centre to each of the points ; 
then, on the first rhumb line, which is N.E. or 4 points, lay off the distance 
35 miles from the centre, and through the end of this first distance draw a 
line parallel to the second rhumb, E. by S. 7 points, on which lay off the 
second distance 25 miles; proceed thus till all the courses and distances are 
laid off, and through the end of the last distance draw the line A B parallel 
to the line W_E, meeting S N produced to B; then will A represent the 
ship’s place ; C B will measure the difference of latitude made good 76-4; BA 


the departure 59’°6 ; C A the distance run 97 miles ; and the angle B C A 
the course steered, N. 38° E. 
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To find what course the ship must steer, and what distance she must 
run before she can arrive at the Texel, lay off from C to D 99 miles, the 
difference of latitude between the Foreland and the Texel, and through D 
draw D F parallel to W E, and equal to the departure 115 ; then will F 


~ Texel, 







Whole Dep. between M foreland and the Texel 5m. 





* Worth em. 


To find the Diff Lat 


’ Lat. Foreland 51° 23’ N. 

rs Lat. Texel .. 53 2 N. 

5 oat Diff. lat. I 39 = 9gm. 
roscoe 

represent the situation of the Texel: through A draw A E parallel to C D, 

and join AF; then A E will be the northing, or difference of latitude 23’, 

and E F the easting, or departure 55’-4, the ship has to make good; A F 

the distance the ship has to sail 60m. ; and the angle E A F, measuring 673°, 

the course from the ship to the Texel. 


TRAVERSE TABLE 


Courses Distance 


18-9 
2I°o 
16:7 
81-3 4°9 
4:9 
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The Course and Distance made good, if desirable to calculate it by plane 
sailing, will be, course N. 37° 58’ E. and distance 96-9 miles. 

By Inspection.—The difference of latitude 76-4, and departure 59°6, 
being sought in Traverse Table in their respective columns, give the course 
N. 38° E., and distance 97 miles. 


To find the direct Course and Distance from the Ship to the Texel 





Latitude of N. Foreland 51° 23’ N. Whole departure ...... rr5m. E. 
Diff. lat. made good, 76m.=1 16 N. Departure made good 59°6 E. 
Latitude in .......... 52 39 N. Departure to make good 55-4 E. 
Latitude of Texel .... 53 2 N. ; 

Diff. lat. to make good o 23 N. 


By calculation, plane sailing, with difference of latitude 23’. N. and 
departure 55°’4 E. the direct course from the ship's position to the Texel is 
N. 67° 27’ E. and distance 59°98 miles. 

By Inspection.—The difference of latitude 23’, and departure 55’-4, being 
sought in the Traverse Table, the nearest numbers answering to them 
will be over the course N. 6 pts. E., and opposite the distance 60 miles. 


Ans. True course N. 37° 58’ E. ; distance 96-9 miles ; lat. in 52° 39’ N. ; 
departure 59°6 miles. True course to Texel N. 67° 27’ E.; distance 59-98 
miles. ee eee 


Examples for Practice 


Note.—The courses in these Examples are alt supposed to be true courses, except in 
Example 8. 


x. A ship from the Lizard, in lat. 49° 58’ N., sails as follows :—S. by W. 
42 miles, W.S.W. 36 miles, West 18 miles, E.S.E. 22 miles, South 34 miles, 
and N.E. 21 miles. Required the latitude arrived at, and the course pane 
distance made good. 


Ans. Lat. in 48° 35’N. ; the course made good S. 16°- er W. or S. by W. 
¢ W. nearly ; and the distance 86-13 miles. 


2. A ship from lat. 9° 26’ N. sails N.E. 20 miles, North 33 miles, N.N.W. 
1§ miles, East 25 miles, N.E. by N. 42 miles, and S.W. 4 W. 28 miles. 
Required her course and distance made good, and the latitude in. 


Ans. Course N. 24° 12’ E., or N.N.E. } E. nearly; distance 85-63 
miles; and lat. in 10° 44’ N. 


3. A ship from the Cape of Good Hope, in lat. 34° 22’ S., sails S.W. 
3S. 27 miles, S.E. by E. 45 miles, S.W. by S. 48 miles, West 23 miles, and 
S.S.W. 4 W. 18 miles, Required her course and distance made good, and 
her latitude in. 


Ans. Course S. 24° 45’ W., or S.S.W. } W. nearly ; distance 112 miles ; 
and lat. in 36° 4’ S. 
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4. Aship from lat. 1° ae S. sails E. by N. 4 N. 56 miles, N. } E. 80 miles, 
S. by E. 3 E. 96 miles, N. 3 E. 68 miles, E.S.E. 40 miles, N.N.W. 3 W. 86 miles, 
and E. by S. 65 miles. Required her course, distance, and latitude i in. 


Ans. Course N. 51° 47’ E., or N.E. 4 E. nearly; distance 193°8 miles, 
and lat. in 0° 48’ N. 


5. A ship from lat. 46° 18’ N. sails N. 25° W. 50 miles, N. 74° E. 64 
miles, S. 52° W. 36 miles, N. 35° E. 40 miles, N. 69° W. 75 miles, and S. 47° E. 
48 miles. Required her course, distance, and latitude in. 


Ans. Course North; distance 67-7 miles; and lat. in 47° 26’ N. 


6. A ship from lat. 51° 30’ N., running at the rate of 8 knots an hour, 
sails W.S.W. 3 hours, N.W. 23 hours, West 4 hours, S.W. by S. 2} hours, 
and N.W. 3 W. 2 hours. Required her course, distance, and latitude in. 


Ans. Course West ; distance 90-7 miles; and lat. in 51° 30’ N. 


7, A ship from a port in lat. 38° 42’ N., bound to another port situated 
in lat. 36° 32’ N., and 137 miles to the eastward, sails the following courses: 
S. by W. 4 W. 55 miles, S.W. 4 S. 37 miles, South 60 miles, E.S.E. 40 
miles, S.E. 3S. Pe antes and N.E. by E. 3 E. 58 miles. Required her course 
and diseanee made good, and the latitude in; also the course and distance 
to her intended port. 


Ans. The course made good is S. 23° 38’ E., and the distance 169 mules ; 
the lat. in 36° 7’ N.; the course to the intended port, N. 70° 8’ E., and the 
distance 73-56 miles. 


8. The course (correct magnetic) from Beachy Head to Selsea Bill is 
N. 67° W. and distance 40 miles ; from Selsea Bill to St. Catherine’s Point 
N. 86° W. 21 miles ; from St. Catherine’s Point to Portland Lights N. 69° W. 
44 miles ; from Portland Lights to the Start N. 85° W. 49 miles. Required 
the correct magnetic course and distance from Beachy Head to the Start. 


Ans. The course is N. 75° 51’ W. or W.N.W. } W., and distance 152-2 
miles. : 


g. Suppose a ship to sail upon the following courses and distances :—S.E. 
by S. 29 miles; N.N.E. 10 miles; E.S.E. 50 miles ; E.N.E. 50 miles ; S.S.E. 
10 miles ; N.E. by N. 29 miles ; West 25 miles; S.S.E. ro miles; W.S.W. 
4 W. 42 miles; North rro miles; E. 3 N. 62 miles; North 7 miles ; West 
62 miles ; North 10 miles ; West 8 miles ; South 10 ‘miles ; West 62 ‘miles ; 
South 7 miles ; E. 25. 62 miles ; South t10 miles - W.N.W. 3 W. 42 
miles ; N.N.E. 10 miles ; and West. 25 miles. Required her course and dis- 
tance made good. 


Ans. The ship has returned to the place she sailed from, 


Nore.—This example is taken from “ Robertson’s Elements of N; 


avigation,”’ the figure 
forming the outline of an anchor 
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zo. A ship in lat. 1° o’ S. is bound toa port in lat. r° ro’ N., distant 
220 miles in the north-west quarter, but meeting with contrary winds, 
runs the following courses:—N.E. by N. 63 miles, N.W. + W. 85 miles, 
North 96 miles, and N.N.W. 87 miles. Required the ship’s place; and 
the course and distance to her port. 


Ans. The lat. in is 3° 46’ N.; the course to her port S. 36° 42’ W. or 
S.W. 2S., and distance 194-4 miles. 


it. Two ships (A) and (B) part company in lat. 1° 44’ S., and meet 
again at the end of two days, having run as follows : 

(A) N.N.E. 96 miles, W.S.W. 96 miles, E.S.E. 96 miles, and N.N.W. 96 
miles. 

(B) N.N.W. 96 miles, E.S.E. 96 miles, W.S.W. 96 miles, and N.N.E. 
g6 miles. Required the latitude arrived at, with the direct course and 
distance of each ship. 


Ans. There being no departure made good, and the difference of latitude 
being N., therefore the course made good is North, and the distance is 104 
miles ; also, the ships meet on the equator. 


PARALLEL SAILING 


In Plane Sailing it was observed that the meridians are considered as 
being all parallel to each other, and the length of a degree on the meridian 
and parallel everywhere equal, on the supposition of the earth, or at least 
any small part of it, being a plane : but as the earth is a sphere, or globe, and 
the meridians meet at the poles, it is evident that the distance between any 
two meridians must vary in every latitude, their greatest distance apart 
being at the equator, on which the difference of longitude is measured. 


PARALLEL SAILING is the method of finding the distance between two 
places in the same latitude, when their difference of longitude is known ; or, 
otherwise, of finding the difference of longitude corresponding to the 
meridian distance or depariure made good, when a ship sails due east or west. 


DIFFERENCE OF LONGITUDE between any two places is the arc of the 
equator contained between the meridians passing through the two places. 


The MERIDIAN DISTANCE between two places is the arc of their parallel 
of latitude contained between the meridians of the places. It is also the 
departure made, or the distance run, on the parallel. 

The Equator is the great circle on which longitude is reckoned ; it 1s also 
the origin whence latitude is measured, polarwise, through successive 
parallels of latitude. When a ship sails 60 nautical miles on the equator she 
changes her position by 60’ (or 1°) of longitude ; but since the parallels of 
latitude are small circles which successively decrease in circumference as 
they are nearer to the poles, it follows that the farther the parallel is from 
the equator, the smaller must be the number of nautical miles measuring 
the circumference, while, at the same time, that circumference ranges 
through 360° of longitude, as does the equator. As a specific instance in 
point, 360° of longitude are represented on the equator by 21,600 nautical 
miles ; but the same number of degrees of longitude, on the parallel of 
60° N. or S., are represented by only 10,800 nautical miles; thus the cir- 
cumference of the earth on the parallel of 60° is only half what it is on the 
equator, and consequently half a nautical mile on that parallel is the 
equivalent of 1’ of longitude. It is by the methods of parallel sailing that 
the relation between the meridian distance and the difference of longitude 
between two places on the same parallel is determined. 


Parallel sailing is particularly useful in making small or low islands, in 
which case it is usual to run into the latitude, and then steer due east or west. 

The principles upon which parallel sailing depend 
may be thus illustrated. Let P A E C represent 
a section of one-fourth part of the earth, C being 
the centre, and P the pole; then P A E will be part 
of a meridian ; P C the polar, and E C the equatorial 
radius ; also let P B O represent part of another meri- 
dian, A and B two places in same parallel, being 
equally distant from the equator E O Q; then will 
A B be the meridian distance between A and B, and 
E O their difference of longitude; join A C; then 
the ‘arcs E A or OB or the angle E C A will be the 
latitude of A or B; and A P or B P their co-latitude. Now EOQ C is the 
plane of the equator, and A BSRis 2 piens parallel to the equator ; there- 

2 : 
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fore A R is parallel to E C, and B R parallel to O C, and the angles EC O 
and A R B are equal ; and as circles and similar arcs of circles are in direct 
ratio to their radii, therefore— 


arcAB_AR_AR_ gn ACR mcos ACE 


But arc A B is the departure or meridian distance ; arc E O is the difference 
of longitude ; and angle A C E is the latitude ; therefore— 


cos. A C E = cos. lat. 


. dist. a 5 
And (1) dif long, = cos. lat; hence, mer. dist. = diff. long. x cos. lat. 


mer. dist. 


cos. lat. = ™er- dist. x sec. lat. 


(2) diff. long. = 


by one or other of which formule all cases in parallel sailing may be com- 
puted. 

By Construction.—If a triangle, as A BC (see Fig. in Example), be so 
constructed that the hypotenuse A C may represent the difference of longitude 
in miles, the base A B the meridian distance, and the angle C A B (between 
the hypotenuse and base) equal to the latitude ; then any two of these parts 
being given, the other may be found by the ordinary solution of a right-angled 
triangle. 


Given the Difference of Longitude between two Places, both on the same Parallel 
of Latitude, to find their Distance apart 


‘ Example.—A ship in lat. 36° 58’ N., and long. 20° 25’ W., is bound to 
St. Mary's, one of the Western Islands, in the same latitude, and in long. 
25° 13’ W.; what distance must she run to arrive at the island ? 


To find the Difference of Longitude 


Longitude of ship ........ 20° 25’ W. 
Longitude of St. Mary ..... 25 13 W. 
Diff. long. .......- eee eee 4 48 = 288’ 


BY CONSTRUCTION 


Draw the line A B of any length, and make the © 
angle C A B equal to latitude 36° 58’ (Prob. XII. 
Geom.) ; from A to C lay off the difference of 
longitude 288, and from C draw C B perpen- 
dicular to A B (Prob. III. Geom.); then will 
AB measure 230, the departure or distance 
required. 
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BY CALCULATION 
To find the Departure or Distance 


Dep. _ : es 

filo cos. lat., .. dep. = D. long. x cos. lat. 
Log. dep. = log. D. long. + L cos. lat. — 10 
Difference of longitude 288’ ...... log. 2459392 
Latitude 36° 58’ ..........--+4.. cos. 9°902539 


Departure or distance 230-1 miles. .log. 2°361931 


By Inspection.—Enter Traverse Table with the lat. 37° as a course, 
and the difference of longitude 288 in the distance column, then the dis- 
tance (or departure) 230 will be found in the difference of latitude column. 

Ans. Distance 230-1 miles. 


Notre.—By the above Formula the meridian distance in miles and decimal of a mile, answer- 
ing to a degree of longitude on any parallel of latitude. may be found. 


Example.—Find the number of miles contained in a degree of longitude 
in lat. 48°. 
Naut. miles in a degree of long. at the equator (60’)..log. 1-778151 
Latitude 48° ........--. Smid devs arall tes bebeacteuete ocrads cos. 9°82551r 
Naut. miles in a degree of long. in lat. 48°; 40-15..log. 1-603662 





Given the Distance between two Places, both on the same Parallel of Latitude, 
to find their Difference of Longitude 


Example.—A ship from lat. 49° 32’ N., and long. 10° 16’ W. sails 
due west 118 miles. Required her present longitude. 


BY CONSTRUCTION 

Draw the line A B, which make equal to the 
given distance 118, and make the angle CAB 
equal to the lat. 493° (Prob. XII. Geom.) ; from 
B erect the perpendicular BC, cutting the line 
AC in C (Prob. II. Geom.); then will the line 
AC measure 182, the difference of longitude 
required. 





A Otst.erQep. 8m. & 
BY CALCULATION 


To find the D. Long. Lo find the Longitude in 
D. long. _ 
Wice ae Longitude left ..... scoveeseee TO? 16" We 
.. D. long. = dist. x sec. lat. D. tong. 182’ = 3 2W. 
Log. D. long. = log. dist. Longitude in ..... erccesaccssee 15 “18 W. 


+ Lsec. lat. — 10 
Distance1r8 miles log. 2-071882 
Latitude 49° 32’ sec. 10°187752 
D. Jong. 181-8’ log. 2°259634 


- 


sh mmm ld ad 
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~~ 


By Inspection.—Look for the lat. 50° in the Traverse Table, as a course, 
and for the distance 118 in the difference of latitude column, opposite to 
which in the distance column will be found 184; but as the latitude is 
nearly half way between 49° and 50°, look with 49° as a course, and the 
distance 118 in the difference of latitude column, opposite to which, in the 
distance column, will be found 180; then half the sum of 180 and 184 will 
be 182, the ditference of longitude. 

Ans. Long. in 13° 18’ W. 


Given the Difference of Longitude and Distance between two Places on the same 
Parallel of Latitude, to find the Latitude of that Parallel 


Example.—A ship sails due east 156 miles, and then finds she has altered 
her lonyitude 314 miles. Required the latitude of the paraliel on which she 
has sailed. 


BY CONSTRUCTION 


Draw the line A B, and make it equal to the distance 
156; from B erect the perpendicular B C, and with 
an extent in the compasses equal to the difference 
of longitude 314, set one foot in A, and with the other 
describe an arc cutting B C in C, and draw the line 
AC; then the angle C AB will measure 60}° (Prob. 
XIII. Geom.), the latitude required. 





\ 
oY : 
A Dist. (56m 8 


BY CALCULATION 
To find the Parallel of Latitude sailed on. 


Dep. _ 
D. long. = cos. Jat. 


Log. dep. +- ro — log. D. long. = L cos. Jat. 


Distance or departure 156 miles log. ( + 10) 12193125 
Dilong? 314) e cacistis deseleelvc ones log. 2°496930 
Latitude 60°13’ ww. wee eee cos. ~~ 9-696195 


By Inspection.—Seek in the Traverse Table till the difference of longitude | 
and distance, viz., 314 and 156, are found opposite to each other in the dis- 


tance and difference of latitude columns, which will give the lat. 60° at the. 
bottom of the page. 


Examples for Practice 


_ 3. A ship having taken her departure from North Cape, New Zealand}. 
in lat. 34° 24’ S., and long. 173° 10’ E., being bound to Port Jackson, 
sails due west until she arrives in long. 163° 35’ E. Required her distance 
run 


Ans. Distance 474°4 miles. T 2. 


. 
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2. Aship from Buchanness, in lat. 57° 29’ N., and long. 1° 47’ W., sails 
due east 125 miles. Required her present longitude. 
Ans. Long. in 2° 6’ E. 


3. A ship in lat. 32° 22’ N., and long. 52° 20’ W., sails west 365 miles. 
Required her distance from the Island of Bermuda, in the same latitude, 
and in long. 64° 43’ W. 

Ans. Distance of ship from Bermuda 262:6 miles. 

4. Aship in lat. 60° N., and long. 22° 30’ W., sails west 200 miles. Re- 
quired her present longitude. 

Ans. Long. in 29° 10’ W. 

5. If a ship take her departure from Cape St. Antonio (at the entrance 
to the River Plate), which hes in lat. 36° 19’ S., and long. 56° 42’ W., how 
far must she sail due east to arrive at the meridian of the Cape of Good 
Hope, in long. 18° 24’ E. ? 

Ans. 3,631 miles. 

6. In what parallel] of latitude is the departure or meridian distance one- 
third the difference of longitude ? 

Ans. In Jat. 70° 32’. 


7. A ship from long. 81° 36’ W., sails west 310 miles, and then finds by 
observation she is in long. gt° 50’ W. On what parallel of latitude has she 
sailed ? 

Ans. In lat. 59° 41’. 


8. Suppose a ship from lat. 35° 30’ N., and Jong. 6° 15’ W., sails west 
250 miles, north 525 miles, and then east 250 miles. Required her present 
latitude and longitude. 

Ans. Lat. 44° 15’ N., and long. 5° 33’ W. 


g. A ship from lat. 49° 32’ N., and long. 21° 56’ W., sails N.W. by N. 
20 miles, S.W. 40 miles, N.E. by E. 60 miles, S.E. 55 miles, W. by S. 4x 
miles, and E.N.E. 66 miles. Required her present latitude and longitude. 
Ans. Lat. 49° 32’ N., and long. 20° 8’ W. 


Io, At what rate per hour is Greenwich Observatory, in lat. 51° 28’ 38’, 
carried around the earth’s axis ? 
Ans. 560°54 geographical miles per hour. 


1x. Iwo ships in lat. 34° 20’ N. are 307 miles apart: if they both sail 
due north, how many miles will they be apart when they arrive in lat 
46° 34’ N.? 

Ans. 2556 miles. 

12. Two ships in lat. 50° 18’ N. are distant apart 256 miles : they sail due 
south until their distance apart is 356 miles. In what latitude have they 
arrived, and how many miles have they sailed on their south course ? 

Ans. Lat. arrived in 27° 20}’ N.; distance sailed 1,377} miles. 
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When a ship sails due north or south she keeps on the same meridian, 
and therefore does not change her longitude, and her distance run is the 
difference of latitude : consequently her place is easily determined by the 
latitude left, and difference of latitude. Again, when a ship sails due east or 
west, her difference of longitude is found by the latitude in, and the departure 
or meridian distance, as already explained in Parallel Sailing; but when 
she sails upon any other course she changes both her latitude and longi- 
tude. Now, the difference of longitude cannot be inferred either from the 
departure, considered as a meridian distance in the latitude left, or that 
come to; for in the greater latitude it would give the difference of longitude 
too much, and in the less latitude too little: for example, in lat. 50°, a 
departure of x00 miles is the equivalent of 155’-6 difference of longitude, while 
in lat. 48°, the same departure makes only 149’-5 diff. long. ; the departure 
is therefore accounted a meridian distance in the scan of the two latitudes, 
and then the difference of longitude is found as in Parallel Sailing; hence 
this method, which is compounded of plane and parallel sailing, is called 
Mippie LatiTuDE SalILinc. 

The middle latitude is half the sum of the two latitudes when they are of 
the same name ; this is arithmetically correct, and an assumption sufficiently 
accurate for short distances ; but when precision is required a small correc- 
tion must be applied to the middle latitude, since the ‘rze middle latitude 
is always a little nearer to the pole than the mean of the latitude left and 
latitude arrived at. 

Workman's Table* (see Norie’s Tables) for the correction of the middle 
latitude is to be entered at the op with the difference of the two latitudes, and 
at the side with the middle latitude ; under the former, and opposite the latter, 
is the correction to be added to the middle latitude to obtain the true 
middle latitude, 

When the difterence of latitude is under 2°, the correction may be 
neglected ; when it is between 2° and 3°, add a correction of 1’. 

This method of sailing, although not strictly accurate, especially in high 
latitudes, approaches sufficiently near to the truth for a day’s run; it 
is accurate in low latitudes, and generally when the ship makes a course 
greater than 45°. 

Middle latitude should be used only when the latitudes are of the same 
name. If of different names, and the distance small, the departure may 
be assumed equal to the difference of longitude, since the meridians are 
sensibly parallel near the equator. But if the distance is great, the two 
portions of the track on opposite sides of the equator should be calculated 
separately, 

By referring to the figures connected with the examples worked out, it 
will be seen that in middle latitude sailing the figure illustrative of the method 
consists of two triangles having a common side, one part of which properly 
appertains to plane sailing, and the other part io parallel sailing, with the 
departure as the base or connecting link between them. 


* This Table was published by Workman in 1805 under the sanction of Dr. Masketyne, 
then Astronomer Royal. The Table is not as well known as it ought to be, and, as it removes the 
“only objection to the method of finding the difference of longitude by middle latitude sailing, 
it is introduced here to the notice of the navigator. 
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In middle latitude sailing the departure is taken to be the sum of all the 
various meridian distances (or departures) corresponding to the indefinitely 
small parts of the rhumb line between the latitude left and latitude arrived at, 
and the assumption is that this— 

departure = the meridian distance in the middle latitude. 
Given the Latitudes and Longitudes of two Places, to find the True Course 
and Distance from the one Place to the other 

Required the true course and distance from Cape St. Vincent, in lat 
37° 3° N., and long. 9° x’ W., to Funchal, Madeira, in lat. 32° 38’ N., and 
long. 16° 56’ W. 

Lat. Cape St. Vincent 37° 3’ N.—37° 3’ N. Long. C. St. Vincent 9° 1’ W. 








Lat. Funchal ...... 32 38 N.—32 38 N. Long. Funchal 16 56 W. 
Diff. lat. ...... 425 S.2)69 41Sum D.long. 7 55 W. 

60 Mid. lat.34 50 60 

In miles 265 475° 


BY CONSTRUCTION 
Draw the line A D to represent the meridian 

of Cape St. Vincent ; make the angle A D C equal 
to the co-mid. lat. 55° (Prob. XII. Geom.), and 
from D to C lay off the difference of longitude 
475; from C draw the line B C perpendicular 
to A D (Prob. III. Geom.); make B A equalto © 
the difference of latitude 265, and draw the 
line A C: then will B C represent the departure 
390, the angle B A C the course 55}°, or 5 points 
nearly; and AC the distance 471 miles. 

BY CALCULATION 





To find the Course 
Dep. 


Dsione: = cos. mid. lat. 





.. Dep. = d. long. X cos. mid. lat. 
Also— Dep. 








D. lat. = tan. co. 
Therefore— 
D. long x cos. mid. lat. 
eapgeae GB ee 


L tan. course = log. d. Iong. 
+ Los. mid. lat. — log. d. lat. 

D. long. 475’ , log. 2-676694 
Mid. lat. 34° 50 cos. _9°914246 


12:590940 
D. lat. 265 m. log. 2-423246 


Course $.35° 18’ W. tan. 10-167694 


Lo find the Distance 
Dist. 

D. lat. 

-. Dist. = d. lat. x Sec. co. 


= sec. co. 


Log. dist. = log. d. lat. 
+ L sec. co. — ro. 


D. lat. 265 m. log. 2°423246 
Course 55° 48’ sec. I0°250I99: 


Distance 471°5 m. log. 2°673445 
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Because the difference of latitude is S. and the difference of longitude is 
W., hence the true course from Cape St. Vincent to Funchal is S. 55° 48’ W., 
or S.W. by W. uearly, and the distance 471-5 miles. 


Also, in this case the middle latitude by Workman’s Table is 34° 53’; 
hence the course is S. 55° 47’ W., and the distance 471-2 miles, as found by 
Mercator’s Sailing. 


By Inspection.—In Traverse Table look for the middle latitude 35° as 
a course, and for 475 the difference of longitude in a distance column, 
immediately opposite to which, in the difference of latitude column, will be 
found 389°1. ‘ 


Then 265 (the difference of latitude) and 389-1 (the departure) being 
found nearly opposite each other in their respective columns, will give the 
course nearly 56°, and the distance 469 miles. 


Given the Latitude left, the True Course, and the Distance, to find the Latitude 
and Longitude in 


Example.—A ship from lat. 52° 6’ N., and long 35° 6’ W., sails N.W. 
by W. 229 miles. Required her present latitude and longitude. 


BY CONSTRUCTION 


Draw the line A D, and make the angle D A C 
equal to the course 5 points; lay off, from A to C, 
the distance 229, and draw the line C B perpendicular 
to the line AD; then will the departure C B measure 
190, and the difference of latitude A B 127; hence 











the latitude in is 54° 13’, and the middle latitude c 8 
53° 9’. Now make the angle B C D equal to the & 
middle latitude 53°, then will C D be the difference fs 
~— 
of longitude, measuring 317 miles. SS 
A 
BY CALCULATION 
To find the Difference of Latitude To find the Latitude tn 
D. lat. D. lat. 127 miles, or 2°7'N. 
“ise. 68: €9- Latitude left 52 6 N, 
“. D. lat. = dist. » cos. co. Latitude in 5413 N. 
Log. diff. lat. = log. dist. Sum of latitudes 2)106 19 
+ L cos. co. — 10 Middle latitude 53 9 
Distance 229 log. 2°359835 
Course § pts. cos. 9°744739 


D. lat. 127:2 miles log. 2:1e.874 
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To find the Difference of Longitude To find the Longitude in 
D. long. __ : Longitude left 35° 6’ W. 
Dep. sec. mid. Jat. D. long. 317} or 5 174 W. 
.. D. long. = dep. x sec. mid. lat. Longitude in 40 233 W. 
ina ee 
And. Dist. sin. co. 
Dep. = dist. x sin. co. 
Therefore— : 
D. long. = dist. See SRS CO By Workman’s Table the true 
X sec. mid. lat. mid. lat. is 53° rof’, making diff. long, 
317°8. 


Log. d. long. = log. dist. + L sin. co. 
+ L sec. mid. lat. — 20. 


Distance 229 =, log. 27359835 
Course 5 pts. sin. g-g19846 
Mid. lat. 53°9’ = sec. + 10°222050 
D. long. 317'5 log. 2°50173i 

By Inspection.—By Traverse Table look for the course 5 points at the 
bottom of the page, over which, and opposite the distance 229 in its column, 
will be the difference of latitude 127-2, and departure r1go0-4, in their 
respective columns. Then— 

Look for the middle latitude 53° as a course, and the departure 190-4 in 
the difference of latitude column, opposite the nearest to which, in the 
distance column, will be found 316, the difference of longitude. 

Ans. Lat. in, 54°13’ N. Long. in, 40° 234’ W. 

Given one Latitude, the Departure, and Difference of Longitude, to find the 
other Latilude, the True Course, and Distance* 


Example —A ship from lat. 36° 32’ N. sails between the south and west 
until she has made 480 miles of departure, and 562’ of difference of longi- 
tude. Required her present latitude, the true course, and distance run. 


BY CONSTRUCTION 


as 

Having drawn the line A D, make B C perpendic- . 
ular to it, and equal to the departure 480; draw se g 
C D equal to the difference of longitude 562 meet- v z 
ing AD in D; then the middle latitude B C D will {2 
measure 314°; hence the latitude in is 263°, and the S 
difference of latitude 600: now make A B equal to E 





600, and join A C, which will measure the distance 
787; and the course C A B will be 37}°. 


® This case cannot be solved by Mercator’s Sailing. 
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BY CALCULATION 
To find the Middle Latitude For Latitude in, and D. Lat. 
r lati ean! 
Dep. ae ahi Middle latitude 31° 20 
D. long. 2 
- = Double mid. lat. 62 40 
.. Log. dep. -+ 10 : log. d. long. Latitude left 46 GEN 
= L cos. mid. lat. d E ee 
‘< ae ( ; i Latitude in 26 8N. 
eparture 480 log. (+10) r2°O0r24I . 
D. long. 562 log. 2°749736 D. lat. Io 24 = 624m. 
Mid. lat. 31° 20’ cos. 9°931505 
To find the Distance 
To find the Course pet be nose CO: 
DEP: tan. co. oe 
Delat. .. dist. = dep. X cosec. co. 
.*. Log. dep. + ro — log. d. lat. Log. dist. = log. dep. 
; = L tan. co. + L cosec. co. — Lo. 
Departure 480 log. (+10) 12°68124xr Departure 480 log. 2-68124r 
D. lat. 624 log. 2°795185 Course 37° 34’ cosec. 10-:214895 


Course S. 37° 34’ W. tan. 9°8380056 Distance 787°3 miles log. 2-896136 
Ans. Lat. in, 26° 8’ N. Course S. 37° 34’ W. _— Dist. 787-3 miles. 


The ordinary method of middle latitude sailing is but an approximation ; 
the departure actually made is not exactly equal to the arc of the middle 
parallel, and the principles of parallel sailing require that the departure should 
be reckoned in the parallel to which it truly belongs. The parallel to which 
it truly belongs is clearly that parallel which will give the difference of 
longitude actually mace ; and hence— 


d. long. = dep. x sec. mid. lat. 


should contain the secant of the true middle latitude—i.e., the middle 
latitude in which the departure should be reckoned—instead of the secant of 
the mean middle latitude. Workman's Table (see Norie’s Tables) converts the 
mean middle latitude into évwe middle latitude, in the sense required. Butin 
most cases the results must be determined by computation, as the methods 
by inspection and the Traverse Tables do not admit of strict accuracy, since 
these tables only run to whole degrees, and one place of decimals, and 
consequently not much is gained by interpolation. 





: MERCATOR’S SAILING 


MERCATOR’S SAILING is the art of finding on a plane surface the track 
of a ship upon any assigned course of the compass which shall be true in 
latitude, longitude, and distance sailed. This method is derived from the 
projection of Mercator’s Chart, in which the degrees of longitude are every- 
where equal, the degrees of latitude increase towards the poles, and the 
parallels, meridians, and rhumb-lines are represented by straight lines. 
(See Description of Mercator’s Chart.) 

Notwithstanding the inaccuracy of PLANE CHartTs, in which the degrees 
of longitude and latitude are everywhere equal, mariners were content to 
use these, and to do much computation on the basis of spherical trigono- 
metry, until Gerard Mercator about the year 1556 published a chart in 
which the meridians are all parallel to each other, but in order to com- 
pensate for the expansion of the degrees of longitude he increased the 
distance between the parallels ; hence a chart thus constructed has obtained 
the name of MERCaToR’s CHART. It does not, however, appear that Mercator 
understood the true principles of this projection ; at least he never divulged 
the method on which he proceeded. 

In the year 1599, Edward Wright, of Caius College, Cambridge, pub- 
lished the true principles of Mercator’s Chart, in a work entitled ‘‘ The 
Correction of certain Errors in Navigation,” wherein he showed, by a 
Table of Meridional Parts, the length of the enlarged meridians in miles of 
the equator to every minute of latitude. 

From the principles of Mercator’s projection there exists the following 
relation— 


diff. long. = dep. x sec. lat. ; 


or, in words, the meridians being parallel, arcs of parallels of latitude are shown 
as equal to corresponding arcs of the equator, cach being expanded in the 
ratio of the secant of its latitude. 

The sum of the lengths of all the small portions of the meridians thus 
increased, reckoned from the equator, and expressed in minutes of the 
equator, is tabulated in the Table of Meridional Paris. By such a Table 
a Mercator’s Chart is constructed, and the various problems of Afercator's 
sailing are solved on the basis of right-angled plane trigonometry. 

Let A BC (see the Fig., p 300) be a triangle, in which A is the course, AC 
the distance, A B the true (or proper) difference of latitude, and B C the 
departure ; then, corresponding to A B, the Table of Meridional Parts, or 
increased latitudes, gives A D as the meridional difference of latitude (mer. 
diff. lat.) ; and completing the right-angled triangle A D E, the difference 
of longitude is represented by D E. ; 

The principles of plane sailing ee to, and may be deduced from, 
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the triangle A B C; while from the triangle A D E is deduced the character- 
istic principle of Mercator’s sailing. 

To find the length of the expanded meridian between any two parallels 
of latitude, or, as it is called, the meridional difference of latitude, the 
same rules are to be observed as in finding the true (or proper) difference 
of latitude; that is, if the latitudes are of the same name, take the 
difference of their corresponding meridional parts, but if the latitudes are of 
contrary names, take the sum of those parts for the meridional difference of 
latitude. 

When the course is nearly east or west, that is, when there is a large 
difference of longitude but only a small difference of latitude, Mercator’s 
sailing is not so suitable as middle latitude sailing. 

The same examples are introduced as in middle latitude sailing, for 
comparison of the two methods. 

It is recommended, when finding the compass course, to convert the true 
course into a ‘‘ New Pattern Compass ’”’ course by the Table of ‘* Compass 
Equivalents,” and then add all Westerly variation or deviation and subtract 
all Easterly variation or deviation. After applying the variation and 
deviation, convert it into its proper quadrant. 

Example.—-True course S. 70° E., variation 20° W., and deviation 15° E. 
Find the compass course. 


S. 70° E. = r10° 


Var. W. + - 20 
130 
Dev. E.— 15 


Compass course 115° or S. 65° E. 


Given the Latitudes and Longitudes of Two Places, to find the True Course 
and Distance from the one Place to the Other 


1. For the true Difference of Latitude——Latitudes of the same name, take 
their difference ; latitudes of different names, take their sum. The result 
will be the true difference of latitude; then multiply the degrees by 60, and 
add in the miles. 


2. For the Meridional Difference of Latitude—From the Tables take 
out the meridional parts corresponding to the two latitudes; take their 
difference for latitudes of the same name; take their sum for latitudes 
of different names. The result will be the meridional difference of latitude. 


3. For the Difference of Longitude ——Longitudes of same name, take their 
difference ; longitudes of different names, take their sum, and if this sum 
exceeds 180° subtract it from 360°. The result will be the difference of 
longitude ; then multiply the degrees by 60, and add in the miles. 

Required the true course and distance from Cape St. Vincent, in lat. 
37° 3° N. and long. g° 1’ W., to Funchal, Madeira, in lat. 32° 38’ N. and 
long. 16° 56’ W. 
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Lat. C. St. Vincent 37° 3’N. Mer. parts 2396-39 Long. C. St. Vin. 9° 1’ W. 














Lat. Funchal .... 32 38 N. Mer. parts 2073°35. Long. Funchal 16 56 W. 
Diff. lat. ee. 425 S. Mer. diff. lat.323:04 Diff. long. .. 755 W. 
60 60 
In miles 265 475 


BY CONSTRUCTION 


Draw the line A D to represent the meridian 

of Cape St. Vincent, upon which lay off the meri- A 
dional difference of latitude 323-04; from D erect 
the perpendicular D E (Prob. II. or XII. Geom.) ; 
make it equal to the difference of longitude 
475, and draw the line A E; from A to B lay 
off the true difference of latitude 265, and through 
B draw B C parallel to D E; then will the angle 
EA D be the course, measuring 56°, or 5 points 
nearly, and A C the distance, 471 miles. 





BY CALCULATION 


To find the Course 


Diff. long. 


Mean eo 


Log. diff. long. -- ro — log. mer. diff. lat. = L tan. co. 


Diff. long. 475’ log. (-++ 10) 12°676694. 
Mer. diff. lat. 323’-04 log. 2-509256 


Course S. 55° 46’ 52” W. L. tan. 10-167438 


To find the Distance 
Dist. 


Dilan = sec. co. .*. dist. = diff. lat. x sec. co.: 


Log. dist. = log. diff. lat. + L sec. co. — 10 


True diff. lat. 265m. log. 2423246 
Course 55° 46’ 52” L. sec. 10-249989 


Distance 471-23 mileslog. 2°673235 


Because the difference of latitude is S. and the difference of longitude is. 
W., hence the true course from Cape St. Vincent to Funchal is S. 55° 47’ W. 
or S.W. by W. nearly, and the distance 471 miles. 

By Inspection.—-Seek in the Traverse Table for the meridional difter-- 
ence of latitude 323, and the difference of longitude 475, till they are found: 
together in the latitude and departure columns: the nearest to these are: 
320-4 and 475 in the page with 56° at the bottom, wh'ch is the course ; 
over that course, and opposite the true difference of latitude 265 in its column,. 
is found in the distance column, 474 miles. 
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Given the Latitude left, the True Course and the Distance, to find the Latitude 
and Longitude In 


A ship from lat. 52° 6’ N., and long. 35° 6’ W., sails N.W. by W. 229. 
miles, Required her present latitude and longitude. 


BY CONSTRUCTION 
Draw the line A D, and make the 


angle D A E equal to the course 5 points; € 

from A to C lay off the distance 229, and 
from C draw C B perpendicular to A D; 
then will AB measure the difference of lati- 
tude 127; hence the latitude come to is 
54° 13’, and the meridional difference of 
latitude 211-86 ; make A D equal to 211-86, 
and draw D E parallel to B C; then will the 
difference of longitude D E measure 317 


miles. 


Diff. of Long. b 





BY CALCULATION 


For the Difference of Latitude 


. Diff. lat. = dist. x cos. co. 

Log. diff. lat. = log. dist. + Los. co.—10 
Distance 229 m. log. 2°359835 
Course 5 pts. - L. cos. 9°744739 
Diff. lat. 127-2 miles log. 2-104574 


For the Difference of Longitude 


Diff. long. 


Medias 


*. Diff. long. = mer. diff. lat. x tan. co. 


Log. diff. long. = log. mer. diff. lat. + 
L tan. co. — Io 


Mer. diff.lat. 211-86m. log. 2-326049 
Course 5 pts. L. tan. 10°175107 
Diff. long. 317’-07 log. 2-501156 


To find the Latitude In 
Lat. left 52° 6’N. Mer. pts. 3674-95 
Diff. lat. 2 7 N. 
Lat. in 5413 N. Mer. pts. 3886-8r 
Mer. diff. lat. 211-86 





To find the Longitude In 


Longitude left 35° 6’ W. 
Diff. long. 317’ or 517 W. 
Longitude in 40 23 W. 


By Inspection.—In Traverse Table over the course 5 points, and opposite 
the distance 229, is the difference of latitude 127-2: hence the latitude 
atrived at is 54° 13’; then, with the same course and half the meridional 
difference of latitude 106, in a latitude column, will be found 158-8 in a 
departure column, which, multiplied by 2, gives the difference of longitude 


317-6 miles. 


Ans. Lat. in 54° 13’ N.; Long. in 40° 23’ W. 
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Given the Latitude left, the True Course, and Difference of Longitude, to find 
the Distance and Latitude In* 


A ship from lat. 34° 29’ N. sails S. 41° W. till her difference of longitude 
is 680 miles. Required her present latitude and distance sailed. 


BY CONSTRUCTION 


Draw AD, and make A F perpendicular to it, and 
equal to the difference of longitude 680; draw F E 
parallel to A D, and A E making an angle with A D 
equal to the course 41°, meeting F Ein E, and ED 
parallel to FA; then A D will be the meridional 
difference of latitude equal to 782-3; which, sub- 
tracted from the meridional parts of the latitude left, 
gives the meridional parts of the Jatitude in ; hence 
the lat. in is 23° 6’, and the difference of latitude 683. 
Make A B equal to 683, and draw B C parallel to , 
ED; then A C will be the distance, measuring 905 — ~“*#ofLong.660 D 






meee nen rene neecneny oy 


Diff of Lai. 
@ Mer. diff of Lat, 


No 


BY CALCULATION 





To find the Mer. Diff. Lat. To find the Lat. in. 
Mer. diff. lat. — oot. co Lat. left 34° 29’ N. Mer. pts. 2206-56 N. 
Diff. long. re Mer. diff. lat. 7823. S. 
. Mer. diff. lat. = diff. long. x cot. co. Lat. in 23 5-25 Mer. pts. 1424:26 
‘Log. mer. diff. lat. = log. diff. long. + Il 23°75 
L cot. co. — ro. 60 

Diff. long. 680 log. 2832509 _—sODiiff. lat. 683-75 m. - 
Course 41° L. cot. 107060837 


Mer. diff. lat. 782-3 log. 2°893346 


To find the Distance 
Dist. 


Dit lat. ~ sec. co. .*. dist. = diff. lat. x sec. co. 


Log. dist.= log. diff. lat. + L. sec. co. — ro 
Diff. lat. 683-75 log.  2-834898 
Course 41° L. sec. 10-122220 

Distance 905-98 m. log. 2:957118 


Examples for Practice in Middle Latitude and Mercator’s Sailing 


1. Required the true course and distance from the Cape of.Good Hope, 
in lat. 34° 22’ S., and long. 18° 24’ E., to the Island of St. Helena, in lat. 
x5° 55’ S., and long. 5° 45’ W. 

Ans. By middle latitude sailing the true course is N. 49° 51’ W., and 
‘distance 1717 miles. ' 


* This example cannot be solved by middle latitude sailing. 
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By middle latitude sailing, using Workman’s Table (in Norie’s Tables), 
true course is N. 49° 393’ W., and distance 1710 miles. 

By Mercator’s sailing the true course is N. 49° 39’ 40” W., and distance 
I7I0-r7 miles. 

2. Required on Mercator’s principle the true bearing and distance of: 
Pernambuco, in lat. 8° 4’ S., and long. 34° 53’ W., from Cape Verd, in lat. 
14° 45’ N., and long. 17° 32’ W. 

Ans. The true bearing is S. 37° 1’ 6” W., and distance 1714-6 miles. 

3. Required on Mercator’s principle the true course and distance from 
Cape Sierra Leone, in lat. 9° 30’ N., and long. 13° 18’ W., to Cape St. 
Roque, in lat. 5° 28’ S., and long. 35°17’ W. If the error of the compass 
is 10° E., required the compass course. 

Ans. The true course is S. 55° 39’ 34” W., and distance 1591-9 miles. 
Compass course S. 45° 40’ W. 

4. Required by Mercator’s sailing the true course and distance from 
Cape Palmas, in lat. 4° 24’ N., and long. 7° 46’ W., to St. Paul de Loando, 
in lat. 8° 48’ S., and long. 13° 8’ E. Required also the compass course, 
the variation being 20° W., and the deviation 17° W. 

Ans. The true course is S. 57° 38’ 5x” E., and distance 1480 miles. 
Compass course S. 20° 38’ 51” E. 

5. Required the true course and distance from lat. 26° 38’ S. and long. 
15° 08’ E. to lat. 44° 26’ N. and long. 63° 33’ W. on Mercator’s principle ; 
also the compass course, assuming the variation to be 12° W. and deviation 
of the compass 4° W. 

Ans. Truc course, N. 45° 29’ 22” W. ; compass course, N. 29° 29’ 22” W. ; 
distance 6082-4 miles. 

6. Required the course and distance from lat. 20° 20’ S. and long. 167° W. 
to lat. 37° 40’ S.and long. 170° 30’ E.on Mercator’s principle ; also the compass 
course, assuming the variation tobe 10° E.,and deviation of the compass 6° W. 

Ans. True course, S. 48° 27’ 2” W.; compass course, S. 44° 27’ 2” W.; 
distance 1568 miles. . 

7. Required the true course and distance from lat. 44° 26’ N. and long. 
63° 33’ W. to lat. 26° 38’ S. and long. 15° 08’ E. on Mercator’s principle ; 
also the compass course, assuming the variation to be 9° W. and deviation 
of the compass 7° E. 

Ans. True course, S. 45° 29’ 22” E.; compass course, S. 43° 29’ 22” E.; 
distance 6082-4 miles. 

8. Suppose a ship from lat. 9° 10’ N., and Iong. 19° 32’ W., sails in the: 
south-east quarter till she has made 415 miles of departure, and is by obser- 
vation in lat. 2° 19’ S.; required her true course steered, distance run, 
and longitude in. 

Ans. By Mercator’s sailing her true course stecred is S. 31° 4’ E., distance 
run 8043, and long. in 12° 35’ 36” W. 

g. A ship from lat. 46° 35’ N., and long. 176° 42’ W. sails true N.W. 
by W. § W. till she arrives in lat. 51° 18° N. Required the distance run, 
and longitude in. 

Ans. By middle latitude sailing her distance run is 600-3 miles, and: 
long. in 169° 52’ E. ; or, using Workman’s Table, 169° 51’ E. 
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By Mercator’s sailing her distance run is 600-3 miles, and long. in 
169° 50’ E- 

10. Required the course and distance from lat. 20° 20’ S., and long. 
20° 30’ W. to lat. 37° 40’ S. and long. 30° 20’ E. on Mercator’s principle ; 
also the compass course, supposing the variation to be 20° W. and the 
-deviation of the compass 10° W. 


Ans. True course, S. 68° 34’ 48” E. ; compass course, S. 38° 34’ 48” E. ; 
distance 2847-7 miles. 


11. Find the true course.and distance from the Cape of G. Hope in lat. 
34° 22’ S., long. 18° 24’ E.; tothe Falkland Is. in lat. 52° 21’ S., long. 
59° 18’ W. Find also the compass course, the variation being 30° W., 
deviation 18° E. 

Ans. By middle latitude sailing, using Workman’s Table, true course 
S. 72° 9’ 6” W., and distance 3520°4 miles, the same as by Mercator’s sailing 
«Compass course S. 84° 9’ 6” W. 


COMPOUND COURSES 


To FIND THE DIFFERENCE OF LONGITUDE MADE GOOD UPON COMPOUND 
Courses, BY MIDDLE LaTITUDE AND MERCATOR’S SAILING 


In the preceding cases, both of middle latitude and Mercator’s sailing, 
the ship has been supposed to sail on a direct course ; but when she makes 
.a compound course, the several courses, after having been corrected for lee- 
‘way, and the deviation and variation of the compass, are to be reduced 
to a single course, as in traverse sailing, and then the difference of longitude 
may be found cither by middle latitude or Mercator’s sailing, as shown below. 

Suppose a ship from lat. 52° 36’ N., and long. 21° 45’ W., has made 
the following ¢rue courses and distances, viz., N.E. 36 miles; N. by W. 14 
miles; N.E. by E. 4 E. 58 miles; N. by E. 42 miles ; and E.N.E. 29 miles. 
Required her present latitude and longitude. 


BY TRAVERSE TABLE 


| Diff. of Latitude. Departure. 


Distance. 
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BY INSPECTION, USING TRAVERSE TABLE AND MERIDIONAL PARTS 








Diff. lat. ........ iz8-8N.) Course .......... N. 42)° E. 
Deeps “Seccs oeaates 1090 E.) Distance .......... 161 miles. 
Latitude left ........ 52° 36’ N. .. 52°36’ N. Mer. parts ...... 3724-06 
Diff.lat.119g = ......-. I 59 N. 
Latitude in ........... 54 35 N. .. 54° 35’N. Mer. parts ...... 3924°61 
2)107 II Mer. dif. lat. ++ 200°55 


Mid. lat... 53 35} 


BY MIDDLE SAILING 


Then --- 
Mid. lat. (as acourse) ......... 534° |: : tds Sar ‘ 
Departure (17 Jat. column) ..... 109 j give diff. Jong. (in dist. column) 183 
Longitude left ........ 21° 45’ W. 
Diff. long. 183 =....... 3 3E. 
Longitudein .......... 18 42 W. 


BY MERCATOR’S SAILING 


Course N. 423° E. (as a course) 


Mer. diff. lat. 200-55 (in lat. column) } give diff. long. (in depart. column) 183'-85 





Longitude left .......... 21° 45’ W. 
Diff. long. 184 = ....... 3 4E. 
Longitude in .......... 18 4x W. 


The above method is that generally practised at sea in estimating the 
difference of longitude made good in a day's run, being considered sufficiently 
exact for the distance sailed by a ship in that time. 

Exampie.—A ship from Table Bay (C. Good Hope), in lat. 33° 54’ S., 
long. 18° 24’ E., makes good the following true courses, viz. : (1) S.W. by W. 
47 miles; (2) S.W. 45S. 80 miles; (3) W. 3S. 87 miles; (4) S.W. by S. 
140 miles; (5) S.W. by S. 3S. 118 miles; (6) S.E. 124 miles; (7) W. by N. 
130 miles ; and (8) W.S.W. 140 miles. Required the latitude and longitude 
arrived at; and also the true course and distance thence to Port Stanley 
(Falkland Is.) in lat. 51° qr’ S., long. 57° 51’ W- 

Ans. Diff. lat. 429-9 and dep. 484 give course S. 48° 233’ W. and dist. 
647-4 miles. Lat. in is 41° 4’S.; long. in (by mid. lat., using Workman’s 
Table) is 8° 13’ E., and the same by Mercator’s sailing. 

Thence the course is S. 76° 50’ W. and dist. 2797 miles, by both sailings, 
using Workman’s Table in mid. lat. sailing; neglecting this Table, the 
course by mid. Jat. is S. 76° 534’ W., and dist. 2809 miles. 





CURRENT SAILING 


A current is a running body of water flowing in some definite direction 
through the midst of the general waters of the ocean and its various 
seas; the effect of the progressive motion of the water is to cause all floating 
bodies to move-more or less in the direction towards which the stream of 
current is directed ; hence the setting of a current is that point of the compass 
towards which the water runs ; and its drift is the rate at which it ruts per hour, 
or in any other given time. 

A not unusual method of ascertaining the set and drift of an unknown 
current is to take a boat, in calm weather, a small distance from the ship, being 
provided with a half-minute glass, a log, a heavy weight, or kedge, anda small 
boat-compass; then let down the weight by a rope fastened to the boat's 
stem, to the depth of about roo fathoms, by which the boat will remain 
nearly as steady as at anchor ; then the log being hove, its bearing will be the 
setting of the current, and the number of knots run out in half a minute 
will be its drift per hour. This method is, however, very uncertain, owing 
to the effect of sudmarine currents. 

CURRENT SAILING is the method of determining the true course and 
distance of a ship, when the ship’s motion is affected by and combined 
with that of a current. 

The current being known, it remains to apply its effect on a ship’s way, 
which will depend on the direction and velocity of both, with regard to 
each other. Ifa ship sail in the direction of the current, it is evident that 
the velocity of the current must be added to that of the vessel; if her 
course be directly against the current, their difference will be the ship's 
true velocity. 


Example.—Ship's course N.E., making by log g knots per hour; current 
sets N.E. 2 miles per hour; hence, ship makes good If 
miles per hour = (g + 2). 

Example.—Ship's course E., making by log 8 knots per hour; current 
sets W. 3 miles per hour ; hence, ship makes good 5 miles 
per hour = (8 — 3). 


If the current runs stronger than the ship’s rate, the ship, unable to make 
headway, is drifted to leeward by the current. 

Ifa ship's course be oblique to the current, her direction by the compass 
will be compounded with that of the current ; that is, she will proceed in 
the diagonal of the parallelogram formed according to the two lines of direc- 
tion, and will describe or pass over that diagonal in the same time in which 
she would have described either of the sides by the separate velocities. 

for, in diagrams 1, 2 and 3, let ABCD be a parallelogram, the diagonal 
of which is A D, then, by the composition of forces, if the wind alone would 
drive the ship from A to B in the same time that the current alone would 
drive it from A to C, then as the wind neither helps nor hinders the ship 
from coming towards the line C D, the current will bring it there in the 

30 
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same time as if the wind did not act; and as the current neither helps 
nor hinders the ship from coming towards the line B D, the wind will 
bring it there in the same time as if the current 
did not act. Therefore, the ship must, at the A Course B 
end of that time, be found in both those lines, 
that is, in their meeting at D: consequently, 
the ship must have passed from A to D in the 
diagonal line AD. Hence the ship’s true distance 
will be the third side of a triangle, whereof the 
other sides are the distance by the log and the 
drift of the current, and the true course will be the 
angle between that third side and the meridian. 
But the usual method of solving the problem 
of the combined effect of the set and drift of- 
the current with the course and distance made by 
the ship is by inspection, through the traverse 
table, as will be shown in the sequel. 





Given the Course steered, and Distance run by Log, also the Set and Rate of a 
Current, to find the Course and Distance made good 


Example I.—A ship sails N.W. 60 miles, in a current that sets S.S.W. 
25 miles in the same time. Required her course and distance made good. 


Nore.—The course and set must be both magnetic, or both true. 


BY CONSTRUCTION 


Having drawn the compass, set off 
4 points from the north towards the 
west, and draw the N.W. line A B, which 
make equal to 60 miles, the distance 
run by the log; through B draw B C 
parallel to the S.S.W. and N.N.E. line, 
and equal to 25 miles, the set and drift 
- of the current: now A C being joined 
will be the true distance, measuring 
55-48 miles, and the angle N A C the 
true course N. 693° W. 





BY CALCULATION 


“In the plane triangle A B C are given the side A B 60’, the side B C 25’, 
and the included angle A BC (the difference between the direction of 
B A which is S.E. and the direction of B C which is S.S.W.) 6 points, or: 
67° 30’. To find the angle B A C and the side A C— 


Side AB ore .. 60’ 180° 00’ 

Side BCora .. 25 LeBeeN AR AS i 67 30 

Sum ore+a.. 85 Sum of 4° A and C 112 30 =C+A 
Diff. or c—a .. 35 Half sum ......... 56 15 = 4(C+ AY 


U2: 
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For the Course For the Distance — 
L tan. 3 (C—A) 5 _ sin. B bee Re sin. B 
= log. (¢—a)+ L. tan. 4 (C +A)— log. (c +a). a sin. A sin. A 


log. 6 = log. a + Lsin. B—Lsin. A 


(e—a) 35.... log. 1-544068 a25 log. 1°397940 

¥(C+A) 56°15’ tan. 10°175107 < B 67° 30’ sin. 9°965615 

TU*719175, 11303555, 

(e+ a) 85'.... log. 1°929419 LA 24° 36} sin. 9°619524 
4(C— A) 31° 383’ tan. 9°789756 i ', _- 

i ICH AY 56 38 b orside AC 55'-47 log. 1°744031 





Diff. = 4 BAC 24 36} 
LNAB 45 


Sum = 4 NAC 69 363 = Course. 


Hence the course made good, N A C, is N. 69° 363’ W. or W.N.W. } W- 
nearly, and the distance A C 554 miles. 


BY INSPECTION 


But the most usual, and the readiest way of allowing for the effects of a 
current, is to consider the setting and drift as a course and distance, and 
enter it accordingly in a Traverse Table ; then the whole difference of lati- 
tude and departure will give the true course and distance. By this method 
the preceding example is thus worked— 


Course N.W. 60 m. gives D. Lat. 42-4 N. ....Dep. 42-4 W. 
Current S.S.W. 25m. ,, - 2318. ...-. 4, 96 
I93N..... 52-0 W. 
Then, the difference of latitude A D 19-3, N 


and the'departure C D 52,-give the course 
DAC=N. 69° 38’ W., and the distance 
AC = 55:46, by plane sailing ; or, preferen- 
tially (because more simply and sufficiently 
accurate), by Traverse Table course 
= N. 694° W., and distance = 55-5 miles. 


Example 11.—Suppose a ship in 24 hours 
sails as follows—S.W. 40 miles, W.S.W. 27 
miles, and S. by E. 47 miles, being through- 
out the time in a current setting S.E. by S., 
at the rate of r4 miles per hour. Required 
her direct course, and distance made good. 





BY CONSTRUCTION 


Draw the compass, and lay off the several 
courses and distances, as in traverse sailing ; 
then will D represent the place of the ship ; 
by thelog. From D draw DC parallel to the C Dep. 8 
S.E. by S. line, and equal to 36 miles, for the 
set and drift of the current in 24 hours; then will C be the ship’s true 
place, the angle B A C the true course, measuring II° 50’, A C the distance 
117, A B the difference of latitude 114-6, and B C the departure 24 miles. 


"387 40 “yI0 
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This process would be too tedious ; the solution would be performed 


BY INSPECTION 


Working the question by inspection, the set and drift of the current 
is taken into account in the Traverse Table after the courses and distances 


per log, and in the same manner. 


Difference of Lat. 


Courses Distance 


28°3 
103 
46-1 
29°9 


Diff.lat. 1146 


(Current) 


Departure 


WwW. 





Then, by t#spection, in Traverse Table difference of latitude 114-4, 
and departure 24:3 (the nearest), give course made good S. 12° W., and, 


distance 117 miles. 


Or by plane sailing, difference of latitude A B 114-6, and departure B C 
24-0, give the true course CA B = S. 11° 49}’ W., or about S. by W., and the 


distance A C = 117-1 miles. 


Given the Course and Distance by Dead Reckoning, or by Log, and the True 
Position of the Ship (or the Position by Observation), to find the Set and Drift 


of the Current 


Example 1.—A ship sailing in a current has 
by dead reckoning run S. by E. 42 miles ; but 
by observations finds she has made 55 miles 
of southing, and 18 miles of westing. Re- 
quired the set and drift of the current. 


BY CONSTRUCTION 


Having drawn the compass, set off x point 
from the south towards the east, and draw 
the S. by E. line A C, which make equal to 42 
miles; through C draw the line C B parallel to 
the east and west, then will A B be the differ- 
ence of latitude 41-19, and B C the departure 
8-19, made by the log. 

From A to G lay off 55, the difference of 
latitude, by observation, and through G draw 
a line parallel to the east and west ; from G 





towards ¥ lay off 18, the true departure, and draw the line CF. FromcC 
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draw a line parallel to A G, meeting the line F G produced in D; then 
the angle FC D will be the set of the current, measuring S. 62° W.; and 
the side C F the drift, 29-6 miles. 


BY CALCULATION 


In the right-angled triangle A B C are given the course B A C = 1 point,’ 
and the distance A C 42 miles. To find the difference of latitude A B 41-19,! 
and the departure B C 8-19— ; 

Subtract A B 41-19 S., the difference of latitude by the log, from AG 
55 S., the difference of latitude by observation; and the remainder BG 13-81 
will be what the ship is to the southward of her reckoning. 

To the departure B C (equal to G D) 8-19 E., add the departure F G 
18 W., and the sum F D 26-19 will be what the ship is to the westward of 
her account. 

The difference of latitude C D (equal to B G) 13-81, and the departure DF 
‘26-19, give the angle or course S. 62° 12’ W., and the side C F or distance 
29°59 for the set and drift of the current. 


BY INSPECTION (General Rule) 


zr. Under the difference of latitude and departure by dead reckoning write 
the difference of latitude and departure by observation, each with its proper 
name. 

2. Find the difference of the two differences of latitude, and the two 
departures, as follows— 

a. Take the difference of the two differences of latitude if both have 
the same name; if of different names take their sum. This sum or dif- 
ference will be N. when the difference of latitude by observation is north of 
that by dead reckoning ; if otherwise S. 

b. Take the difference of the two departures if both have the same name ; 
if of different names take theirsum. This sum or difference will be E. when 
the departure (or longitude) by observation is east of that by dead reckon- 
ing ; if otherwise W. If the difference of longitude is taken you mu.t iurn 
it into departure. 

3. Enter the Traverse Table with these differences, as difference of lati- 
tude and departure, each in its proper column, and take out the corre- 
sponding course and distance, which will be the set and drift of the current. 


. Thus, Ex. p. 309; S. by E. 42m. = 41-2S. and 8-2 E. in Trav. Tab. 


By D.R., diff. lat. 4r’-2S. .......... Dep. 8'-2E. 
By Obs., 4 B5 OS. os eects ee » I8-0W. 
Diff. of diff. lats. 13 -8S. Sum of deps. 26 -2 W. 


Then, difference of latitude 13’-8 S. and departure 26’-2 W. give course 
S. 62}° W., and distance 29-5 m., which correspond to the se¢ (or direction) 
and drift (or rate) of the current in the interval; S. and W. because obser- 
vation is S. and W. of the dead reckoning. 


Example 11.—A ship from latitude 39° 50’ N., longitude 149° 20’ E. sails 
N. 46° E. 203 miles, by dead reckoning, and then by observation is in latitude 
42° 26’ N., longitude 153° 8 E. Required the set and drift of the current. ' 
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Course N. 46° E. and dist. 203 m. = 141’ N., and 146’ E. 
Hence, by D.R. lat. is 42° 11’ N. ; and long. is 152° 33’-5 E, 





Lat. left 39° 50’ N. Long. left 149° 20’ E. 
Lat.in 42 26 Long. in 153 8 
True diff. lat. 2 30==156'N. True diff. long. 3 48 = 228’ E. 
x 18 
Mid. lat. 41 -8 - 
Mid. lat. 42° as course, and 228 in dist. col., give 172’ dep. (in D. lat. col.), 

By D.R., diff. lat. rqr’N. ........ Dep. 146’ E. 
By Obs., ‘ 50% 0 | sate nayacese » 172 


Diff. of diff. lats. 15N. Diff. of deps. 26E. 


Then, difference of latitude 15’ N. and departure 26’ E. give N. 60° LE. 
as Set, and 30 m. as drift of current in the given time. 


Given the Course to (or Bearing of) a Port, and the Set and Drift of the Current, 
to shape a Course to counteract the Effect of the Current, and so as to keep the 
Port on the same Bearing 


GENERAL METHOD by Inspection and the Traverse Table —(1.) Find the 
angle between the direction of the ship’s course towards her port and the 
set of the current; thus, if they are in adjacent quadrants of the compass 
take their sum; but their difference if they are in the same or opposite 
quadrants. Enter the Traverse Tables with this angle (or its supplement, 
when more than 8 points or 90°) as a course and the rate of the current in 
distance column; take out the corresponding difference of latitude, and 
departure. 

(2.) Then enter the Traverse Tables with the ship’s vu in the distance 
column, and the above departure in departure column: take out the 
corresponding difference of latitude, and the course. This course is the 
angle by which the ship's course towards her port must be corrected (1.e., 
augmented or diminished) according to whether the current carries the 
ship towards, or away from her port; and the course thus corrected is the 
required course to make good, allowance being made for deviation and 
variation of the compass. 

(3.) Lastly, the sum or difference of the two differences of latitude 
already found, according to whether the set of the current favours, or is 
adverse to the ship's progress, will be the distance that the ship makes good 
towards her port. 

NotTe.—It may sometimes be convenient, when entering the Traverse 
Table, to multiply the ship’s rate and also the drift of the current by 5 or io. 

If a ship be making leeway as well as being set out of her course by 
the current, find the true or magnctic course after allowing for the current, 
then allow the leeway to windward of that course before finding the 
compass course. 

Example 1.—Given the bearing of the port S.W.; the current setting 
S.S.E. 2 miles pcr hour; ship’s rate of sailing 11 knots per hour. Shape 
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the course so as to keep the port on the same bearing, and find the ship’s 
rate of approach to her port in ro hours, the current remaining the same. 


Angle between S.W. and S.S.E. = 6 points. 
In ro hours ship makes 110 miles, and current sets zo miles. 
6 points and 20 m. = 7-7 D. lat., and 18-5 dep. 
(Dist.) r10 m. and dep. 18-5 = 108-4 D. lat., and course (angle) 9°. 


Then, since the set of current is S.S.E., and the bearing of the port is S.W., 
the angle must be allowed to the right ; 45° + 93° =S. 544° W., the required 
course to preserve the bearing. 

And, 108-4 + 7-7 = 116-1 miles, the ship’s rate of approach towards 
her port in ro hours, the drift of current being partly with the ship. 


Example 2.—Suppose the current to set N.N.W., and all the other data 
to remain as in Ex. 1, above. 

Then the resolved elements would still be the same as those already 
given; but for the course we should have— 

45° — 94° = S. 354° W., since the set of the current is N.N.W., and the 
angle must be allowed to the /eft to preserve the S.W. bearing of the port. 

Also, 108-4 — 7-7 = 100-7 miles, is the ship’s rate of approach towards 
her port in ro hours, since the drift of current is against the ship. 


Example 3.—Th2 port bears East, and the current sets N.N.E. at the 
rate of 2 miles per hour, the ship making g knots per hour. Shape a 
course so as to keep the port on the same bearing, and find the hourly rate 
of the ship towards her port. 


BY CONSTRUCTION 


Method 1. From any point C lay off the set and drift of the current 
towards D, in this case N.N.E. 2 miles; on D lay off the bearing of the 
port from A to B, in this case East ; from C towards the line of bearing at 


A o B 


& 
k 


¢c 









2 mile, 


A lay off the ship’s rate, in this case 9 miles; then D A C is the angle (124 
to the right of the bearing of the port, on which to put the ship; hence 
the course is S. 78° E.; and the ship’s hourly rate A D is 93 knots. 
Method 2. Set off from A to B the bearing of the port, in this case East; 
from A (the ship’s position) lay off A C as the set and drift of the current, in 


8 
cS mites ———— 
of 
¥ 
J 
™~ 
Lecir < 
A 


.s case N.N.E. 2 miles ; from c in the direction towards the line of bearing 
ie B lay off CD 9 miles (the ship’s rate) ; extend the line C D to E, then 


‘ 
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BD Eis the angle (12°) to the right of the bearing of the port, on which 
to put the ship, in this case S. 78° E. 

The dotted line extending from A (which is parallel to the line C D), also 
shows the direction on which to place the ship’s head to counteract the effect 
of the current. 


BY CALCULATION 


; sin. x _ 2. id x — 2 sin. S pts. | 
sin. 6 pts. gy 9 
whenice x = 11° 51’, the change of course to be applied to East in a direc- 
tion opposite to the trend of the current, making course S. 78° g’ E. 


@ __sin. 100° 39° ao os g’ sin. 100° 39’ 


7 sin. 0 pts. _.. sin. 6 pts. 


whence d = 9-57 m., the hourly distance made good towards the port. 


By Inspection.—N.N.E. to East is 6 points ; then 6 points and 2 miles 
give D. lat. 0-8 and dep. 1-9. 

(Dist.) 9m. and dep. 1-9 = 88 D. lat. 3 course 12° (or angle). 

Then 12° to right of East is S. 78° E. = course to shape; and 
0-8 + 88 = 96, the ship’s hourly rate Ff approach to her port, the drift of 
current being partly with the ship. 


Example 4.—Suppose the port to bear N. 75° E., the current setting 
N. 40° W. 2 miles per hour, and the ship’s rate of sailing to be 9 knots per 
hour. Shape a course such as to keep the port on the same bearing, and 
give the hourly rate of the ship towards her port. 


BY CONSTRUCTION 


Lay off the bearing of the port from A to B, in this case N. 75° E. ; from A 
towards C lay off the set and drift of the current, N. 40° W. 2 miles; fiom 


ees 


9 miles 





C towards the line A B set off 9 miles (the ship’s rate), such that it shall 
touch the line of the port's bearing at D; join C and D, and prolong the 
line to E; then will B D E be the angle (114°) which the ship must steer 
to the vight of AB, to make good the course to her port, in this case 
N. 863° E.; the distance A D (8 miles) is ship’s rate per hour, as the set 
of the current is egainst the ship. 

The dotted line extending from A, and parallel to the line C D, also 
shows the direction of the altered course. 
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BY CALCULATION 
The angle between the direction of the bearing and that of the current 
{75° 4- 40°) = 115°; hence— 
2’ sin I15° 
9’ , 
whence x = 11° 37’, the change of bearing to be applied to N. 75° E., in 


a direction opposite to that towards which the current is setting the ship, 
and course is therefore N. 86° 37’ E. 


sin. x 


' 
——, = a. sin. % = 
sin. I15 


@ _ sin. 53°23’ 9 g’ sin. 53° 23’ 
9 sin. 115°” sin. 115° ” 


whence @ = 7-97 m., the ship’s rate per hour towards her port. 


By Inspection.—N. 75° E. and N. 40° W. make anangle 115°, the supple- 

ment of which is 65°. 
65° and 2 m. = -85 D. lat. and 1’-81 Dep. 

(Dist.) 9g m. and dep. 1-81 = 8-81 D. lat. and course 114°, the angle of 
change of bearing. 

Then 75° + 113° = N. 863° E., the required course to steer. 

And 8’-81 — ’-85 = 7'-96, the ship’s rate of approach towards her port, 
since the drift of the current is agazzsi the ship. 


Note.—A ship’s course and distance will invariably be affected by what 
is called the set (direction) and drift (rate) of any current in which she may 
be sailing. A tidal current, generally called the siveam of tide, is only ex- 
perienced when near land, and this, in some places, runs with great strength ; 
allowance has to be made for this on the course set, as otherwise the ship 
may soon be ashore. For the present it is sufficient to state that the stream 
of tide affects the ship’s course in the same manner as a general current. 

In different parts of the ocean there are great oceanic currents setting 
in various directions, and in some places, as in the heart of the Gulf Stream, 
round the Cape of Good Hope, and in other places, with great velocity ; you 
must note this set and drift in order to appreciate, through this problem, 
their effect on the ship’s course. ° 

Charts generally show the direction of the current by means of an arrow, 
and if there is a numeral near it, you have also the mean drift; ina 
Day’s Work allowance must always be made for the effect of the current. 

N.B.—If the chart be on asmall scale it is advisable to lay off the current 
for 3 or 4 hours, also laying off the distance sailed in the same time, in order 
to find the course to steer, as the length of the lines is increased and a better 


result is obtained. 


Examples for Practice 
1. A ship sails by her log N.W. by N. 72 miles, in a current that sets 
W.N.W. 36 miles in the same time. Required her course and distance, 


corrected for the effect of the current. hae 
Ans. The course made good is N. 44° 51’ W., or N.W. nearly, and 


distance 104 miles. 
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2. A ship sails E. by N. 7-5 knots an hour, in a current setting S.W. 4 
knots an hour. What will be her course and distance made good in 24 
hours ? 

Ans. The course will be S. 73° 12’ E., or E.S.E. 3 E. nearly, and the 
distance 113°5 miles. 


3. A ship sailing at the rate of g knots an hour, and wanting to double 
a cape bearing from her N.W. by W., finds she is in a current setting S.S.W. 
3k miles an hour. What course must she steer to counteract the effect of 
the current ? : 

Ans. Course to steer for the cape is N. 33° 50’ W., or N.W. by N. nearly. 


4. A ship sailing by her log 9 miles an hour is bound to a port which 
lies N.W. by N. from her, distant 56 miles, and finds she is in a current 
setting N.E.4N.3 milesan hour. What course must she steer in the current, 
and distance make good; and how long will it take her to arrive at her 
port ? 

Ans. The course to be steered is N. 51° 21’ W., or N.W. ? W. nearly; 
the distance to run is 53-61 miles ; and the time it will take nearly 6 hours. 


5. A ship beund from Bombay to England, being on the edge of the 
Bank of Agulhas on April 21st, at noon, was by observation in lat. 35° 3’S., 
and in long. by chronometer, 26° 52’ E.; on the 22nd the latitude, by 
observation at noon, was 35° 13’ S., and the longitude by chronometer, 
25° 5’ E., having sailed by her reckoning N. 81° W. 39 miles. Required the 
set and drift of the current. ‘ 

Ans. The current set S. 71° 49’ W., or W. 18° 11’ S., and its drift in 24 
hours was 51-57 miles, being at the rate of 2-15 per hour. 


6. A ship bound to a port bearing S.E. is in a current setting N. by W. 
1} miles per hour. Find the courses on which she must be laid to make 
good the course to the port, when her rate is respectively 6, 7, 8, and 9 knots 
per hour; and give the ship’s hourly rate of approach to the port, with 
each rate of sailing. 

Ans. (6) Course S. 37° 1’ E. and 4-69 knots ; (7) course S. 38° 10’ E. and 
5-7 knots ; (8) course S. 39° 2’ E. and 6-71 knots; (9) course S. 39° 41’ E. 
and 7-72 knots. ‘ 

Notz.—Current sailing in practice is done on the chart in a correct and expeditious 


manner and the calculations given above are for the benefit of students who wish to learn 
the methods by calculation, 


OBLIQUE SAILING AND TAKING THE 
DEPARTURE. 


In the navigation of theship thisisanimportant problem. In previous 
Editions of Norie’s ‘‘ Epitome ”’ the subject is discussed under the head 
of OBLIQUE SAILING, which is stated to be the application of oblique- 
angled plane triangles to various cases at sea, as in coasting along shore, 
approaching or leaving the land, surveying coasts or harbours, etc. ; but 
much may be done by inspection, as will be shown presently. 

In this kind of sailing, to set an object means to observe what rhumb, 
or point of the compass, is directed to it; and the bearing of an object is 
the rhumb on which it is seen ; also the bearing of one place from another is 
reckoned by the name of the rhumb passing through those two places: 
hence the bearing of two places from each other will be upon opposite points 
of the compass ; thus, if one place bears E.N.E. from another, the latter 
will bear W.S.W. from the former, being in the same line, but in opposite 
directions. 

A great variety of examples might be given in this sailing ; hence, in this 
place, it is sufficient to select those only that appear to be useful in practice, 
and advantageous to the student who wishes to understand the problem on 
the basis of the solution of plane triangles. ; 


Example Y.—Sailing down the English Channel, I observed the Eddystone 
to bear N.W. by N. ; and after sailing W.S.W. 18 miles, I found it bore from 
me N. by E. Required the distance of the ship from the Eddystone at both 
stations. 


BY CONSTRUCTION 


Describe the circle N.W.S.E., to repre- ca, Eddystone 
sent the compass, and draw the diameters z 

W.E. and N.S. at right angles to each 
other ; draw the N.W. by N., W.S.W., and 
N. by E. rhumb lines, and on the W.S.W. 
line lay off 18 from A to B, taken from 
any scale of equal parts; through B draw 
BC parallel to the N. by E. line, meeting 
the N.W. by N. line A Cin C; then will 
A represent the place of the ship at her 
first station, B her place at the second 
station, and C the place of the Eddystone ; 
A C will be the ship’s distance from the 
Eddystone at the first station, measuring 
21 miles, and B C the distance at the © 
second station, measuring 25 miles. 
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BY CALCULATION 


In the plane triangle A B C are given the side A B 18 miles, the angle 
C A B equal to 7 points (being the angle contained between N.W. by N. 
and W.S.W.) ; the angle A B C equal to 5 points (being the angle contained: 
between N. by E. and E.N.E. the opposite to the W.S.W. rhumb); and: 
the angle B C A equal to 4 points (the angle between S. by W. and S.E. 
by S.) ; to find the sides A C and BC. 








To find the Side A C or b. To find the Side B C ora. 
b_sin.B, , _ ¢sin. B @_sin.A ga © Sin A 
¢ sin.C* sin. C c sinc’ * sin. C 


log. b = log.c + Lsin. B—Lsin.C log a =log.c+Lsin. A—Lsin. C 


corside4 B18m. Log. 1-255273 | corsideABr8m. Log. = 1°255273 
Z B 5 points Sin. 9°919846 ZAZ paints Sin 9°991574 

LI-I75119 11°240847 
Z C 4 points Sin. 9849485 Z C 4 points Sin 9°849485 





borside AC 21-17m. Log. 1-325634 aor side BC 24:97m. Log 1397362 


Hence the distance of the Eddystone from the ship’s first station is 21-17 
miles, and from the second station 24:97, or 25 miles nearly. 
See another form under Example II. 


Example 1I.—Coasting along shore, I observed two capes: the first 
bore N. by E., and at the same time the secoiid bore N.E. 2 E. ; now, by the 
Chart, these capes bear from each other N.W. } W.,andS.E.} E., distant 21 
miles. Required my distance from both places at that time. 

Note.—The bearings must all be considered to be true. 


BY CONSTRUCTION 


Having drawn the compass N.W.S E., 
the centre of which is to represent the 
ship's place, draw the N. by E. and 
N.E. 3 E. rhumb lines A B and A C, 
being the bearings of the capes from 
the ship; draw likewise the N.W.4 W. 
and S.E. } E. line, the bearing of the 
capes from each other, on which from A 
to D lay off 2x miles, the distance between 
the capes ; through D draw D C parallel 
to the N. by E. line, and through C draw 
CB parallel to the N.W. } W. andS.E. 
+E. line; then B will represent the place 
of the first cape, C the second cape, AB 
the distance of the first cape from the 
ship, measuring 31 miles, and A C the 
distance of the second cape, measuring 
27 miles. 
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BY CALCULATION 
In the plane triangle A B C are given the angle B A C 33 points (the 
angle between N. by E. and N.E. 3 E.); the angle A B C 5} points (the 
angle between S. by W. and S.E. } E.); and the angle A B C 7 points (the 
angle between N.W. } W. and S.W. 2 W.); and the side BC 21 miles; to 
find the sides A B and AC. 











To find the Side A B ore. To find the Side A C or b. 
e sinc . asin. C 6 sin.B, ,_ asin. B 
a sn.A’'°™ “sin. A a sin. A’ ~ sin. A 
log. ¢ = log. a + L. sin. C —Lsin. A | log. 6 = log. a + Lsin. B—Lsin. A 
a or side BC 21m. Log. 1-322219 aor side BC 21 m. Log. 1-322219 
2 C7 pts. Sin. 9°991574 ZB 5% pts. Sin. _9°933350 
_ 11313793 11255569 
ZA 33 pts. Sin. 9°827084 ZA 3} pts. Sin. 9°527084 


borside A C 30°67m. Log. 1-486709 borside AC 26-82m. Log. 1-428485 
Hence the distance of the ship from the first cape is 30°67 miles, and 


from the second cape 2682, or 27 miles nearly. See another form under 
Example I. 


Example IIT—Being close in with a point of land at A, I ran 27 miles 
on a direct course to the westward, and then found the point of land at’ 
B to bear N.N.W.; now the bearing of B from A (by Chart) is W. } N., 
and the distance 29 miles. Required the course steered, and the distance 
of the ship from B. 

BY CONSTRUCTION 

Describe a circle, and divide 


it into 4 equal parts by the cate, 
diameters N.S. and W.E., the Be OR ne 
extremities of which will repre- eee “ot % 
sent the cardinal points of the : “it * 
compass ; and the centre of the 8 MéN.29m ! lafgA te 
circle the place the ship sailed ¢\*2, pees aR Oe } 
from (A); draw the W. } N. oe ‘ ee os / 
line A B equal to 29 miles, then za ‘ 2% ‘ 
will B represent the place of ‘2 The + hae are 
the point B ; through B draw B C ‘= ae Tease ge 
parallel to the N.N.W. line, and . e = 

with the distance run, 27 miles c 


in the compasses, set one foot in A, and with the other describe an arc cutting 
BC inC, and draw the line A C; then will C represent the ship’s place, 
B C the distance of the ship from the point B, measuring Ig miles, and the 
angle S A C the course steered from the south, measuring 533°. 
BY CALCULATION 

In the plane triangle A B C are given the side A B, equal to 29 miles ; 
the side A C 27 miles ; and the angle A B C 5} points (the angle between 
E. } S. and S.S.E.) ; to find the angle B A C, and the side BC. 

The angle being given opposite the less stde, this is the ambiguous case as 
shown in figure. 
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To find the Angle A 


sin. A sin. A= © x sin. B 
sin. B 6 6 
Lsin. A = log. a + Lsin. B — log. } 
c or side A B 29 log. 1-462398 Z B (5 pts.) 64°41’ .. 64°41" 
Le 

















Z. B 5} points sin. 9956103 ZC....... 76 9 «.. I03 51 
11418561 Sum 140 50 .. 168 32 
bor side AC 27 log. = 1°431364 180 180 
ZC 76°9' sin. 9°987197 Z. A veesese 39 X10 Or A’ rr 28 
180 
Or Z C’ 103 51 
To find the Side BC ora. To find BC’ or a’. 
a_sin. A. | _ Osin. A a’ _sin. A’ | 1, _ sin. A’ 
6 sin. BC sin. B 6 sin. B sin. B 
log. a = log. 6 + Lsin. A — Lsin. B 
bor side AC 27 log. I-q3I364 cee ee eee eee eee 1°431364 
ZA 39°10’ sin. 9800427 ZA? 28’ sin. 97298412 
II-231791 10°729779 
ZBSsj pts. sin, 9956103 wee ceca eee e eens 9°956163 


aorside BC 18-86 log. 1°275628 a’ or side B C’ 5-938 log. 0°773613 


Now the bearing of A B, which is W. $ N. or W. 2° 49’ N., subtracted 
from the angle B A C 39° 10’, makes the bearing of A C to be W. 36° 21'S. ; 
hence the course steered is S. 53° 39’ W. or S.W. 3 W. nearly, and the 
distance of the ship from the point B is 18-86, or 19 miles nearly. 

Otherwise, if the lay of the land between A and B permitted, the course 
might be as follows: W. 2° 49’ N. subtracted from B A C 11° 28’ makes 
the bearing of A C to be W. 8° 39’ S.; hence the course steered would be 
S. 81° 21’ W., and the distance from the point B 5-94, or 6 miles nearly. 


Example IV.—Coasting along, at noon, a point C bore N. 29° E., and 
another point D bore N. 20° W.; running N.\W., at the rate of 7 knots an 
hour, at 2 p.m. the point C bore N. 72° E., and the point D bore N. 9° E. 
Required the bearing and distance of the point D from C. 


“oO 


BY CONSTRUCTION 


Draw the compass as before, and let the 
centre A represent the first station, from which 
draw the first bearing A C, N. 29° E., and the 
second bearing A D, N. 20° W.; also draw the 
N.W. line A B equal to 14 miles, the distance 
run in 2 hours ; then will B represent the second 
station; through B draw B C parallel to 
N.72° E., and B D parallel to N. 9° E., meeting 
the lines A Cand AD in Cand D; join D C; 
then will the line C D be their distance, measur- 
ing 18 miles nearly, and the bearing of-D from 
Cwill be N. 70$° W., or W.N.W. } W. 
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BY CALCULATION 
In the plane triangle A B C are given the side A B14 miles; the angle 
A CB equal to 43° (the angle between S. 72° W. and S. 29° W.) ; and the angle 
A B C equal to 63° (the angle between N. 72° E., or E. 18° N. and S. 45° E.) ; 
to find the side A C. : : 
To find the Side A C or 6b. 





5 _sin.B, — ¢sin. B 
¢  sin.C’” sin. C 
log. 6 = log. c + Lsin. B —Lsin. C 

corsideA Brg ..............206. log. 1:146128 
Li BIGZ” oieis sey iee is sos Peele hoe ee sin. 97949881 
II-096009 
LCA iseee Serine eee ekek ee sin. 9°833783 
Bor side AC 18-29 20... cece eee log. 1°262226 


In the plane triangle A B D are given the side A B 14 miles; the angle 
A D B equal to 29° (the angle between S. 20° E. and S. 9° W.) ; and the angle 
A BD equal to 126° (the angle between N. 9° E. or E. 81° N. and 5. 45° E.}; 
to find the side A D. 


To find the Side A D or b'” 





8’ sin. B : esin. B 
—=-, ~AD=— 
c sin. D sin. D 
log. AD = log. ¢ + Lsin. B—Lsin. D 
Side C74 Me. Goce ns Lodo wae log. 1-146128 
Le BNA 2O? i.e Ree enn aie wikis Sees sin. 9:907958 
11-054086 
Le pV 29 aiesece Roe Ge eee SASS Ne sin. 9°585571 
Side A D 23-36 ................--- log. 1°368515 


In the plane triangle A C D are given the side A C 18-29; the side A D 
23:36; and the included angle C A D equal to 49° (the angle between 
N. 29° E. and N. 20° W.) ; to find the angle A C D, and the side C D. 





Side A D orc 23°36 180? 
‘Side A C ord 18-29 ZCAD 49 
Sum or¢ + 4 47-65 Sum of Z'D& C 13131 =C+D 
Diff. or c —d 5°07 4 sum of Z* 65°30’ = $ (C+D) 
For the Angle ACD. For Side C D or a. 











_ log. (e —@) +L tan. 4 a_sn A .oy_ ¢sinA 
Ltan.§(C—D)=1(C4 D) — log. (+2) Fo anc °° P= are 
log. CD =log. e+ Lsin. A—L sin. C 
c—d 5°07 Log. 0°705008 Side ¢ 23:36 Log. 1-368473 
4 (C+D)65°30° «= Tan. 10-341296 Z A 49° Sin. 9-877780 
11046304 I1‘246253 
c+d41-65 Log. 1-619615 Z C 80° 27’ Sin. 9°993939 
# (C—D) 14°57’ Tan. 9°426089 SideC D17-88 Log. 1-252314 


4 (C+D) 65 30 
Sum = ZACD 80 27 
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Sum because Z A C D is opposite the greater side. 


Now the angle A C D 80° 27’ added to 29°, the bearing of A C from the 
south, gives the bearing of C D = S. 109° 27’ W., which, subtracted from 
180°, leaves the bearing N. 70° 33’ W. or W.N.W. } W. nearly: hence the 
bearing of D from C is W.N.W. } W., and the distance 18 miles nearly. 


TAKING A DEPARTURE BY A SINGLE BEARING AND DISTANCE 


In this case the point of land or other object is set by compass, and its 
distance is estimated by the eye. 


This is the general method of taking a departure, and it is sufficiently 
accurate when the ship is leaving the land, bound on an oversea voyage. 
But since distances are almost always over-estimated, probably to the 
extent of a fifth or more of the whole, this method should never be relied 
upon when coasting. , 


TAKING A DEPARTURE (AND DETERMINING THE DISTANCE) BY TWO 
BEARINGS OF THE SAME OBJECT 


In this case the ship’s course, supposed to continue unaltered between 
the two times of observation, lies more-or less across the line of direction of 
the object. 

Take the bearing of the object, and note the number of points contained 
between it and the ship’s head (or course): after the bearing of the 
object has altered not less than two or three points, again take the bearing 
of the object, and note the number of points contained between it and the 
ship’s head. Each of these is a “‘ difference’ between the course and bear- 
ing at the instant of observation. 


(A) To find the distance when the second bearing was observed 


Enter Table* (p. 322) with the first difference at the side, and the second 
difference at the fop, and take out the number corresponding thereto, as a 
multiplier : reference to the Table sufficiently explains the mode of entry. 
Multiply the number got from the Table by the number of miles run in the 
interval of time between taking the two observations, and the product is 
the distance (in miles) of the ship from the object at the time the second 
bearing was taken. 


Norie’s Tables now contain a new table, “‘ Distance off by two Bearings 
and Distance run between them.”’ Itis entered with the angle between the 
ship’s course and the first bearing in degrees at the top, and the angle 
between the first and second bearings in degrees at the side. Under the 
former, and opposite the latter, take out the number corresponding to any 
two arguments, and this number multiplied by the distance the ship has 
sailed between the first and second bearings will be the distance off at the 
time the second bearifg was taken. 

* CONSTRUCTION OF THE TApPLE: To the L sive of the difference between the course and first 


bearing, add the L co-secant oi the difference between the first and second bearings. Their 
sum is the logaztha of a natural number, which is the multiplier in the Table. 


— 





TABLE FOR FINDING THE DISTANCE OF AN OBJECT BY TWO BEARINGS AND THE 


DISTANCE RUN BETWEEN THEM. 


__ Difference between the Course and Second Bearing in Pointe of the Compass. 























ala ai eeeedeanes oh! 7 | |4| #18 [2 4 |? ofa ie 10| ¢|4 (2 ni | 
8107 64 Ficlets -46(0-45'0-43'0-4210-41 0-41 0-4010-3940-39'0:39.0'38 0-38}0-380.38'0-380-3 
00 0:91}0-85 0770-7206 64 0-600:580:55 53(0-51'0-50,0-48]0-47/0-46 0:45 0-45{0-4410-44 0-43'0-4340-43 0-43 0-43}0-4 
11-23 1-10[1:00 0-92)0-85 0-7910-74'0-70.0.67 0.64 0-61'0-59'0-57.0-55]0-5300-52 0-51 0-50)0-49 0-49 0-48 0-4810-470-47 0-47 0-4710-47 0-48 
1:34]1-201+ 09;1-00 0: 93 0:86)0- 81,0-7710-73 0-69 0- 670° 6410 6210-600: 0:58 0-57 0-56) 0'$50'540-53'0.52)0 820. eats “51 0:51,0-52! 
1 “451 301° 17.1-08)1-00 0.9310. 8810-83/0- 790: 75'0-72.0-69]0-670-65 0- -63'0-61 (0-60'0-59|0-58'0-5710-57:0-56.0-5 
1-5611-39 1-26}1-16 1-07)1-0010-9440.89) 910-84 0-80 0-7710-74.0-72.0-69 0-6810-66,0-64,0-63.0-62)0-61 0-61 0-6 '0-60/0-60.0-60" 
‘ 1-66 1-48]1.35'1- 23'1:14/107}1-00 0-94 0-90.0-86 0-82/0-79'0-76 0-74'0-720-70 0-690: 67]0-66.0-65'0 6510-64/0-64 0-64 
1-76)1-87 1.42)L- 31|1-21]1-13)1 06 1 -00}0-95}0:91'0-87 0-84 0.81 0-78,0-76,0-74{0-73|0-71,0-70 0-69,0-68]0-68 0-67/0-€ 
- 1-85 1-6511-50|1.3711-2711- 1-19 1-11}1-05]1-00,0-95 0-92 0-88|0-85!0-8210-80'0-71 07607507407 
eq: ‘7311-5741-44)1 -33,1-24'1-17}1-10 1-05 1-00 0-96]0-92,0 89,0-86 0-84 0-82 0-80 0-790-77 0760-76 
2-02' 1.81]; 64/1 60 1-911 -30]1-22.1-15.1-09!1-04]1 .00.0-96|0-93.0.90 0-88'0-86 0. 4/0 82 0-81'0 80 
2-10}1- 881: 70 1:56!1- 45}1 3511: 271-201-141 1-08 1-0411-00 0-97|0-94'0-91 0-89 B5 
2: a) a4. -77.1-62)1-50,1-401-31)1-24]1-1811-1 12h: 08 1-04]1-00'0-97 0-9410-92|0-90'0.48 
'g-24'2-0111-82}1 -67)1-54,1-441-35]1-28)1-21{1-16 1-11]1.07 1-03/1-00'0-9710- 
F 2-30'2-06] 1-87. 1-71/2 -58}1-48]1-39|2-31/1-25'1 -19}1-1411-10 1-061. 
2-36 ee 92;1-76)1-63}1-52/1-43/1. 35/1 -28 1-22)1-17|1-12)1- 
2-12'2-2611-96 1-80]1 -66|1-5511-46 1-38}1-3211-25 1-19)1- 
12-46 2:20 2-00}1-83)1-69|1-58 1-4811-40'1.33:1-27|1- 
12-50 '2-24|2-03]1-86/1-72'1-61 1-51(1.42'1-35 1. 
'2-53}2-27'2-06|1-89 1-75}1-63 1.53 1-4/1. 
2-56 2-29 2-08 1-91]1-76,1.65,1-55|1- 
'2.58!2- ae: 10}1-92:1-78 1-661. 
2-60'2-33}2-11[1.93'1-7911- 
This table gives the faccor which the distance 12-61'2-3419-19/1-94|2- 
run by the ship between the bearings is to be t2.61/2-3412-121-94 
multiplied by in order to find the distance from the 2-6112-3412-12 
object at the time of taking the second bearing. a | 
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Example—The Eddystone bore N.W. by N.; after running W.S.W. 18 
miles, it bore N. by E. Find the distance of the ship from the Eddystone 
at the time when the /asé bearing was taken. 


Difference between N.W. by N. and W.S.W. is 7 points; difference 
between W.S.W. and N. by E. is rr points. Opposite 7 at the side, and 
under 11 at the top, stands 1-39, which multiplied by 18 (miles) gives 25 
mil s, the distance of the ship from the Eddystone when the /ast bearing was 
taken (see Example I, p. 316). 


(B) To find the distance when the FIRST bearing was observed 
Take the supplement of each difference, that is subtract each from r6 
points. Then, enter Table p. 322 with the supplement of the second 
Gifierence at the side, and the supplement of the first difference at the top ; 
take out the number corresponding thereto, and multiply it by the distance 
run ; the product is the distance (in miles) of the ship from the object at 
the time the fist bearing was taken. 


Example.—Find the distance of the ship from the Eddystone at the time 
the first bearing was taken, the elements being asin the previous Example. 


First difference being 7 points, the supplement is 9 points ; the second 
difference being Tx points, the supplement is § points. The distance run is 
as before, 18 miles. Then, 9 at the top, and 5 at the side, gives 1-18, which 
multiplied by 18 gives 21-24 miles as the distance of ship from the Eddy- 
stone at the time when the first bearing was taken (see Example 1, p. 310). 

N.B.—In iron ships and steamers the bearings are attected to the extent 
of the deviation due to the direction of the ship's head at the time of observ- 
ing the bearings; and thus the deviation must be applied as well as the 
variation of the compass, for true readings ; only the deviation for magnetic 
readings. 

General Rule for computing the distance of the ship from the object at the 
time of taking the second bearing.—Note the number of points (or degrees) 
contained between the first bearing of the object and the course of the ship ; 
when the bearing of the object has altered not less than 2 or 3 points, 
note the distance run. Then, 

Add together the logarithm of the distance run, the L sine of the angle 
between the first bearing and the course, and the L co-secant of the angle 
between the two bearings ; the sum (rejecting tens in the index) will be the 
icgarithm of the distance from the object when the /as¢ bearing was taken. 


E,sample 1.—Cabrera Island Light bore N.N.W. at 2 a.m.; and at 4 
a.m. it bore N.E. by N.; in the interval of the observations the course was. 
west, and the distance run 12 miles. Find the distance of the Lighthouse: 
when the second bearing was taken. 

Angle between the bearings (N.N.W. and N.E. by N.) = 5 points. 


Angle between first bearing and course (N N.W and west) = 6 points: 


Then, dist. run 12 m. Log. 1-0792 
6 points Sin. 9°9656 
5 points Co-sec. 10-0802 


Dist. of Cabrera Is. Light 13-3 m. Log, 11-1250 
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Example 2.—At noon, Ascension Island bore S. 80° E.; and at 5 p.m. 
it bore S. 46° E.; in the interval of the observations the course was 
N.N.W., and the distance run 19 miles ; find the distance of the island when 
the second bearing was taken. 


Angle between the bearings (S. 80° E., and S. 46° E.) = 34°. 


Angle between first bearing and course (S. 80° E., and N. 22° 30’ W.) = 
122° 30’. 


Then, dist. run 19 m. Log. 12788 

122° 30° Sin. 9°9260 

34° Co-sec. 10°2524 

Dist. of Ascension Is. 28-7 m. Log. 1°4572 


RULE by Inspection and the Traverse Table—When the angle between 
the first bearing and the course is more or less than 8 points, the method 
by Inspection from the Traverse Table is as follows : 

Enter Traverse Table with the angle between the first bearing and the 
course, as a course; and thedistance run (in distance column) ; take out the 
departure. 

N.B.—If the angle is more than 8 points (or go°) take its supplement ; 
z.e. subtract it from 16 points (or 180°), and enter the Traverse Table 
with this difference as a course. 

Then, enter Traverse Table again, with the difference of bearings as a 
course, and the departure (just found) in departure column; the distance 
of the object at the time of taking the second bearing will be found in the 
distance column. 


Angle between Ist bearing 
Example 1 (p. 323).— and course 6 points. 
Dist. 12 m., in dist. col. 


Jin Trav.) Dep. 11-7 in 
jTab. give) dep. col. 


Diff. of bearings, 5 points.)in Trav.) Dist. 13-5 m. 
Dep. 11't in dep. col. J Tab. give) in dist. col. 


By Table p. 322: Difference between course and first bearing is 6 points ; 
difference between course and second bearing is 1x points; hence 1-11 
X £2 = 1332 miles. 


‘Angle between 1st pee 
and course, 1223°. (Takelin Trav. ) Dep. 16 in 
Example 2 (p. 324).— 57}°, the supplement.) Tab. give) dep. col. 
Dist. 19 m., in dist. col. 


Diff. of bearings, 34°yin Trav.) Dist. 28-5 m. 
Dep. 16, in dep. col.J Tab. givej in dist. col. 


If the angle between the first bearing and the course be exactly 8 points 
{or go’) the calculation is shorter than by the preceding Rule p. 323; thus— 
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RuLE.—To the logarithm of the distance run add the L co-seeant of the 
difference of the two bearings of the object ; the sum (less index 10) will 
be the logarithm of the distance of the object at the second bearing. 


Example.—Cape Horn bore north, and after running west zo miles, it bore 
N.E. 3. N.; find the distance when the second observation was taken. 

Angle between the bearings (N. and N.E. 3 N.) = 34 points. 

Angle between first bearing and course (N. and W.) = 8 points. 





Then, distance run 20 m. Log. 1-3010 
34 points Co-sec. 10°1976 
Dist. of cape at second bearing 31°52 m. Log. 1-4986 


RvuLeE by Inspection and Traverse Table-—When the angle between the 
first bearing and the course is 8 points, the distance at either bearing is 
readily determined by Inspection from the Traverse Table ; thus: 


Enter Traverse Table with the difference of bearings as a course, and 
the distance run in Departure column; then the distance column gives 
the distance of the object at the time of taking the /ast bearing; and the 
latitude column gives the distance of the object at the first bearing. Taking 
the example above as an instance, we have— 


Diff. of bearings, 33 points)}in Trav.) Dist. 31-5 m. 
Dist. run 20 m., in Dep. col. { Tab.give} D. lat. 24°3 m. 


Hence, by Inspection, the distance of the cape was 31-5 miles from 
the position where the second bearing was taken ; and the ship was 24-3 miles 
from the cape when the first bearing was observed. 


By Table p. 322: Difference between course and first bearing is 8 points ; 
difference between course and second bearing is 114 points; opposite 8 
at the side, and 11} at the top, is 1-58, which multiplied by 20 gives 31-6 
miles as distance from cape at time of taking the second bearing. 

Also, supplement of 8 is 8; and supplement of 114 is 43; opposite 4} at 
the side, and under 8 at the top is 1-22; then 1-22 multiplied by 20 = 24-4 
miles, the distance of ship from the cape at first observation. 

Source of Errors—In determining the position by two bearings of the 
same object, errors will chiefly arise from observation of the bearings. The 
most favourable application of the method will be when the triangle is 
equilateral. 


(C) Position by the Isosceles Triangle ‘‘ Doubling the Bearing" 


In connection with two bearings of the same object, this is a very im- 
portant problem in navigation, when determining the distance of a ship from 
the land. If the ship continues on the same course until the angle between 
the two bearings is equal to the angle between the course and first bearing, 
the triangle is isosceles, and the distance of the land. point, or lighthouse, 
from the position of the observer when the second bearing wus taken is equal to 
the distance run between the two bearings. 


PracTicaL RuLE.—-On taking the bearing note the difference between 
the bearing and the course, then, when the bearing has changed the same 
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amount as this difference, the ship is distant from the point the exact distance 
she has gone in the interval. 


Example.—Course W.N.W., witha point of land bearing N.W. by N. (the 
difference is 3 points, hence the next bearing to be taken is north) ; when 
the same point bore north, ship had run on the W.N.W. course 6} miles ; 
therefore the ship was 6} miles from the point when the second bearing was 
observed. ‘ 


Example.—Between two islands the course is north; a point of land 
bore N.E. (the difference is 4 points, hence the next bearing to be taken is east) ; 
and when the same point bore east, the ship, still on the same course, had 
run 23 miles; therefore the ship was 24 miles from the point at the time 
of taking the second bearing. (This is the 4-point bearing, with which most 
navigators are familiar.) 


Example.—The ship’s course being S. 85° E., a point of land bore S. 55° 
E. (the difference is 30°, hence the next bearing to be taken is S. 25° E.); 
when the same point bore S. 25° E. the ship had run on her course 8 miles ; 
therefore the distance from the point at the last observation was 8 miles. 


There are other methods of taking a departure and determining the distance 
from the land, as, forinstance, by the Chari, etc.; these will be fully explained 
in connection with the Use of the Chart. 


Distance by the Altitude of a High Light, etc., seen on the Sea Horizon 


The distance of the visible horizon from an observer is equal to the 
true depression of the eye. With the eye 10 feet above the sea the visible 
horizon is distant about 33 nautical miles; with the eye 20 feet above the 
sea the horizon is distant a little over 5 miles. When an object breaks 
the continuity of the horizon the distance of the object is less than the 
depression. But if a peak or light isseen beyond the range of the sea-horizon 
the distance between the eye and the object is equal to the sum of the 
depressions corresponding to the two heights. The solution of the problem 
depends on the uniform curvature of the sea, by means of which all 
terrestrial objects disappear at certain distances from the observer. 


The distance of visibility, in miles, is the square root of the height, 
in feet ; an accidental relation which gives a result approximately correct. 


ive ef 
More accurately, the distance (in miles) -; ‘V Height (in feet). 


But distances may be got by inspection from Table for Finding the 
Distance of Terrestrial objects at Seca in Norie’s Nautical Tables, in which the 
elevation in feet is given in one column, and the distance of visibility is 
expressed in nautical miles in the other column ; if the position from which 
the object is seen be elevated, add together the distances corresponding to the 
height of the observer and the height of the object ; the sum is the greatest 
distance of the object's visibility from the observer. 


Example.—Height of eye at masthead go ft. ........ 10-9 miles. 
Height of light (per chart) 240 ft. s nctnceres 17:8 
Distance of light from observer ........., 28-7 Thies! 


Terrestrial refraction will interfere at times with the accuracy of the 


result. en Pt i 


j. bed ey New 
Pr pled a eh 
4! 
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Examples for Practice 
1. Running down Channel, and wanting to take my departure from 
the Lizard, at 2h. p.m. I observed it bear from me N. by W.; and after 
sailing W. by N. 4 N., at the rate of 8 knots per hour, at 3h. 30m. p.m. it 
bore from me N.N.E. 4 E. Required my distance from the Lizard at the 
time of taking the second bearing. 


Ans. The distance 17-1 miles. 


2. Entering a river by night, I observed two lights ; that from the light- 
house bore from me N. by E. } E., and that from the light vessel W. } S., 
the former bearing from the latter N.E. 3 N., distant 18 miles. Required 
my distance from each of the lights. 


Ans. Distance from lighthouse 14°54 miles, and from the light vessel 
7-198 miles. 


3. Being off the Burlings (on the coast of Portugal), I ran 34 miles on a 
direct course between the south and west, and then observed Cape Rocca 
bearing from me S. by E. 4 E.; Cape Rocca bears from the Burlings S. by 
W. 2? W., distant 43 miles. Required the course steered, and my distance 
from Cape Rocca. 


Ans. The ship’s course was S. 32° W. or S.S.W. 2? W. nearly, and the 
distance from the cape was 12-17 miles. 


4. Sailing between two small islands, I observed the first bear from me 
S.W. by W. 2 W., and the second E.S.E.; after running S. by W. 4 W. 15 
‘miles, the first bore from me N.W. by W., and the second E.4N. Required 
the bearings, and distance between the islands. 


Ans. The first island bore from the second N. 84° 28’ W., the second 
from the first S. 84° 28’ E., and their distance was 42°49 miles. 


5. Two ships, A and B, sail from the same port C; A sails N.E. by 
N. 84 miles, and B sails S.E. 76 miles. Required their bearings and distance 
from each other. 


Ans. Bearing of A from B is N. 3° 16}’ W., of B from A is S. 3° 16}’ E., 
and their distance 123 § miles. 


6. Being off the coast of South America, in lat. 47° 4’ 30” S., and long. 
65° 26’ W., I found the (true) bearing of a cape to be W. 20° S., and after 
running S. 12° 30’ W. 32 miles the cape bore N. 34° W. Required the 
latitude and longitude of the cape. 


Ans. The lat. of the cape is 47° 12’ 42” S., and long. 65° 59’ W. 


7. Wanting to know the distance of a ship at anchor from the shore, 
I chose two stations, A and B, that were distant from each other 2-5 miles. 
From the station at A, I took with a sextant the angle subtended by the 
station at B and the ship, and found it to be 64° 15’ ; then from the station 
at B, I found the angle between the station A and the ship 73° 55’ 
Required the distance of the ship from both stations. 


Ans. The distance of the ship from the station at A was 3°602, and from 
the station at B 3-376 miles. 
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8. Sailing along a coast I observed two objects, a church and a mill, in 
one, the church being the nearer object ; and at the same time I measured 
the angle subtended at the ship by the church and a tower on the coast, and 
found it to be 25° 36’; now, by a chart, the distance from the church to the 
tower was 1-5 miles, from the church to the mill 0-75 of a mile, and from 
the mill to the tower 1-9 miles. Required the distance of the ship from 
the church and the tower. 


Ans. The distance of the ship from the church was 3°459 miles; from 
the tower 3-246 miles. 


THE VARIOUS CASES OF PLANE SAILING ARE SHOWN 
IN THE FOLLOWING TABLE. 























Case. ! Given. | ArgorneD. SoLorion. 
} 
I Diff. lat. | Course ......|..Tan. course = Jdonin 
and dep. . diff. lat. 
Distance ......- . . Dist. =—— Sepe = _. 
sin, course 
2 Course and | Diff. lat. ....... . Diff. lat. = dist. x cos. course 
distance Departure .....i..Dep. = dist. x sin. course 
3 Course and { Distance ..... |. Dist. = — dep. _ 
departure sin. course 
Diff. lat. ....... .-Difl lat, = dep. 
tan. course 
4 | Distance and | Course ........]..Cos. course = ‘iff_lat. 
diff. lat. dist. 
Departure ..... . Dep. = dist. x sin. course 
ee Se —— 
5 Course and | Distance ..... ..Dist. — diff. lat. 
diff. lat. cos. course 
Departure .....|.. Dep. = diff. lat. x tan. course 
6 |Distance and | Course ........|.. Sin. course = dep. 
departure dist. 


Diff. lat. .......)-. Diff. lat. = dist. * cos. course 






THE VARIOUS CASES OF PARALLEL SAILING ARE SHOWN 
IN THE FOLLOWING TABLE. 





GIVEN. Reqoirnap. Souotion. 












Diff. long. Departure .....|.. Dep. = diff. long. x cos. Jat. 









Diff. long. ..-..-|.-Diff. long. = dep. x sec. lat. 









Departure 








Latitude ..cess-|- 





Diff. long. 
and dep. 
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THE VARIOUS CASES OF MIDDLE LATITUDE SAILING 
ARE SHOWN 


| 


Cask.| GIVEN. 





I Both lat. 
and 
long. 


| 


| 


2 | Both lat. 


parture 





3 One lat. 
course 
and 
distance 





and 


4 | Both lat. 
course 


5 Both lat. 
and 
distance 


6 One fat. 
course 
and de- 
parture 


One lat. 
distance 
and de- 
parture 


' Course 
and de- | 





REQUIRED. 


Departure 


Course 


Distance 


Distance 


Diff. long. 


Diff. iat. 
Departure 
Diff. long. 


Departure 


Distance 


Diff. jong. | 


Depee Sosa ee. oe 


Tan. course .. 


Dist. .......- 


Tan. course .. 


| Distance .... = 


Departure .. 


Diff. long. .... 





Courses | 


Departure 
Ditf. long. | 


| 
Diff. Jat. 


Distance 


Diff. long. 


Course 


Diff. lat. 
Diff. long. 


Cos. course .. 


Departure .. 
Ditf. long... 


Diff. lat. ware = 


Distance .... 


Diff. long. .. 


Sin. course .. 


Diff. lat. .... 
Diff. long... 


Distance .... = 


IN THE FOLLOWING TABLE. 





SoLttion. 


= Diff. long. x cos. middle lat. 


_ Cos mid lat. x d. long. 
d. lat. 


= Sec. course x diff. lat. 


Dep. _ 
Diff. lat. 
Dep. 
Sin. course 





: Dep. 
Diff. long..... = Gos mids Tat. 
Diff. lat. . = Dist. x cos. course 


Departure .... = Dist. x sin. course 
Diff. jong. .... = Dep. x sec. mid. lat. 





== Diff. lat. x tan. course 
Diff. lat. 
Cos. course 





=r Dep. x sec. mid. lat. 





Diff. lat. 
= 

Distance 
= Dist. x sin. course 
= Dep. x sec. mid. lat. 


Dep. 
Tan. course 


Dep. 


iE 
Sin. course 


= Dep. x sec. mid. iat. 


— Dep. 

Dist. 
= Dist. x cos. course. 
= Dep. x sec. mid. lat. 
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THE VARIOUS CASES OF MERCATOR SAILING ARE SHOWN 
IN THE FOLLOWING TABLE. 
































CABE. GIVES. REQUIRED. So.orion, 
I | Both lat. Course Tan. course .... = Difl. long. 
and Mer. pts. 
long. Distance Distance -. = Sec. course x diff. lat. 
Departure Departure ..,... = Diff. lat. x tan. course 
2 Both lat. Course Tan. course .... = Departure 
and des Diff. lat. 
| parture | nistance Distance ...... = Diff, lat. x sec. course 
Diff. long. Diff. long. ...... = Mer. pts. x tan. course 
3 » One-lat. Departure Departure ...... = Dist. x sin. course 
Pa Diff. of lat. Diff. of lat. .... = Dist. x cos. course 
| distance | Diff. of long. | Diff. of long. .... = Mer. pts. x tan. course 
—— a sn 
4 Both lat. | Distance Distance ...... = eDiltsiae 
| and Cos. course 
| course | Departure Departure . = Diff. lat. x tan. course 
| | Diff. of long. Diff. of long..... = Mer. pts. x tan. course 
5 | Both lat. | Course Cos. course .... = Difl lat, 
and dis- Distance 
tance Departure Departure ...... = Distance x sin. course 
. | Diff. of long. Diff. of lony..... = Mer. pts. x tan. course 
6 'Onelat, | Diff of lat, | Diff.tat. ....., of Dn 
eel fan, course 
1 course 
| and de- Dep 
i : Dista Distance ...... = | ay 
batlure Pee : Sin. course 
| Diff. of long. Diff. long. ...... = Mer. pts. x tan. course 
| ' * Den. 
7 One lat. | Course Sin. course ...... = Same 
| distance | stance 
and de- | nig. of lat. Diff. lat. ...... = Distance x cos. course 
| parture i 


| Diff. of long. Diff. long. ...... = Mer. pts. x tan. course 








CORRECTION OF COURSES 
DEFINITION 


VARIATION OF THE CoMPASS.—When off Gravesend, or off the Isle of 
Wight, if you look at the Pole Star (as showing the ‘vue north very nearly),* 
and note its position by a correct compass you will find it to bear nearly 
N. by E. 3 E.: or, if you look at the sun aé noon, when it is on the meridian 
and at its greatest altitude, and consequently ¢rwe south of you, it will be 
found to bear by compass $. 17° W. How is this ?— 

Every bar magnet or magnetised needle has two poles, one at each 
end; each pole also differs in quality, or property, from the other; this 
may be tested by presenting a magnet end on, first to the N. end of the 
compass needle and then to the S. end of the same needle, when it will be 
found that there is repulsion of one end, and attraction of the other end of 
the needle ; on the principle that— 


Like poles repel, and snlike poles attract, one another. 


Now the earth being a great magnet, with two magnetic poles, it acts on 
this law, and attracts to its northern part the end of the needle that has 
magnetism unlike to that of the northern hemisphere ; hence, when speak- 
ing of the compass, the end of the magnet that turns to the north is the 
north-seeking end. 

In neither hemisphere, however, do the magnetic poles occupy the same 
place as the true poles of the earth. The magnetic 
pole of the northern hemisphere is about 1200 miles 
south of the earth's évue N. pole, and the maguetic pole 
of the southern hemisphere is about 990 miles north of 
the earth's ivue S. pole. But the magnetic needle 
points to the magnetic, noé to the true poles. 


In the annexed fig. is a part of the N. hemisphere 
on the stereographic projection, with the terrestrial 
meridians radiating in straight lines from the true 
north pole (N.).; and the position of the magnetic 
pole is shown at »; the magnetic meridians (dotted 
lines) trending towards the magnetic pole » cut the terrestrial meridians at 
an angle. which is the Variation of the Compass. 


The direction of the magnetic needle at any place is the magnetic 
meridian, hence the angle that the magnetic meridian makes with the true 
meridian is the Variation of the Compass; the angular value (large or 
small) is the measure of the variation, and if the direction of the needle 





* The Pole star (Polaris in the Little Bear. which is easily found by means of the pointers 
in the Great Bear or Charles’ Wain) is 1}° off the true celestial pole, and therefore true north 
only twice in 24 hours; but it is always so nearly true north that for practical purposes at 
sea, when in the northern hemisphere, it may be taken to show true north. 
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trends to the right of the true meridian, we say the variation is east ; if 
it trends to the left, we say it is west ; and if it trends in the same direction 
as the true meridian, we say there is #0 variation. 

There are two meridians, trending from one magnetic pole to the other, 
where the variation is 0° (nil) ; roughly speaking, one of these meridians 
crosses the Atlantic in a diagonal direction and thence through N. America ; 
the other crosses Australia, Western Asia, and Eastern Europe; between 
them, over one part of the globe, as in the North Atlantic, in the greater 
part of the South Atlantic, and in the Indian Ocean, the variation is westerly ; 
and again between them, over the remaining part of the globe, as in the 
whole of the Pacific Ocean, the variation is easterly. 


Notze.—The accompanying ‘‘ Chart of the World, showing the lines of equal magnetic 
variation ’’ illustrate these jatter remarks. The plain lines indicate W. variation ; the dotted 
lines, E. variation ; and the thick lines 20 variation. 


As illustrative of secular magnetic change, it may be noted that the 
line of no variation passed through London in the year 1657; the varia- 
tion had previously been easterly ; since’ that date it has been westerly, 
and attained its western maximum (24$°) in 1816; since the latter date it 
has been decreasing at the rate of 7’ annually, and is now 163° W. The 
magnetic needle will again point true north about the year 1976, the 
cycle of change being about 320 years. 


DEVIATION OF THE COMmpass.—Ships called composite (partly wood 
and partly iron), and such as are built wholly of iron, are strongly mag- 
netic—due to the magnetic direction in which they have been built, and the 
amount of hammering and twisting to which the iron has been subjected 
while in that position. The effect on the compass when in its place on 
board is to cause the magnetic needle to deviate from the magnetic meridian ; 
not that this is an error, strictly speaking, for the compass is only acting 
in obedience to a law of magnetism, but for the practical purposes of 
navigation it is an error that might lead to serious consequences. Now, 
exactly as the magnetic needle, unaffected by local surroundings, points 
to the magnetic pole, forming an angle with the true meridian, so in like 
manner the same needle, when under the influence of an iron ship's magnetism, 
forms an angle with the magnetic meridian ; and this is called the Deviation 
of the Compass. 

Unlike variation, which, for any given place, is of the same amount and in 
the same direction on every point of the compass, deviation attains its 
greatest value on two nearly opposite points of the compass ; and also, some- 
where between these two points are two other points on which there is little 
or no deviation ; nearly half round the compass, from onc point of-no devia- 
tion to the other, the deviation is called casterly, because the needle lies to 
the right of the magaetic meridian ; between the same two points, on the 
other part of the compass, the deviation is called westerly, because the necdie 
then lies fo the left of the magnetic meridian. A glance at the Deviation Tabie, 
p. 339, will illustrate this. N.E. by N. and S. by W. are the points of no 
deviation ; between them, round by eastward, the deviation is westerly, 
and it attains its greatest amount at S.E. by E. ; from the same two points, 
but round by westward, the deviation is casterly, and attains its greatest 
amount at W. by S. and W.S.W. Thus the deviation differs, not only 
in amount but in name, for different directions of a ship's head. Every 
iron ship’s compass has deviation peculiar to itself, the direction and amount 





See 
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of which for its various points must be ascertained by what is called 
swinging ship for the errors of the compass. 

When a ship is “ close hauled,” that is, when she is sailing as near to the 
direction of the wind as she can be brought, that part of the wind which 


acts upon the hull and rigging, together with a considerable part of the force 


exerted on the sails, tend to drive her immediately from the direction of the 
wind, or, as it is termed, to /eeward. But since the bow of a ship exposes 
less surface to the water than the side, the resistance will be less in the fore 
and aft direction than in the athwertship ditecti'n; the velocity, therefore. 
in the direction of her head will, in most cases, be greater than the velocity 
in the direction of her side, and the ship’s real course will, on the basis of 
the composition of forces, be between the two directions: the effect pro- 
duced is a continual drifting of the vessel from the wind with the head still 
in the same direction as if no drifting took place, and consequently the 
compass showing the same course; but if the ship drifts in this manner, 
her keel will make a streak or wake in the water in a direction opposite to 
the point towards which she is moving. The angle contained between 
the line of the ship's apparent course and the line she really describes through 
the water, is termed her leeway—which may be also expressed as the angle 
uhich the ship’s keel makes with her actual path through the water. 

The amount of leeway to be allowed will depend upon a variety of 
circumstances, as the build and trim of the ship; the force of the wind ; 
the quantity of sail carried ; the rate through the water ; the sails being 
properly set to receive the action of the wind, etc. : hence no general rules 
can be laid down for estimating it. 

With the wind aft or on the quarter there can be no leeway. A ship 
close hauled, wind moderate and sea smooth, makes no leeway. In heavy 
weather with small sail on, there is often considerable leeway. For a ship 
when she lies-to, observe the points to which her head comes up and then 
falls off, and take the middle point for the apparent course on which to allow 
the leeway. 

The only method that cught to be relied on, in practice, of ascertaining 
the amount of leeway, since it is a correction of the appareni course, is that 
of actually measuring the angle before mentioned. This can be done as 
follows : draw a small semicircle on the taffrail, with its diameter inwards 
and at right angles to the ship's keel; divide the semi-circumference into 
16 points, and their halves; then observe the angle contained between 
the semidiameter which points right aft, and that which points in the 
direction of the wake, and it will be the angle of leeway required. But the 
most accurate method of determining the leeway is to have a semicircle 
drawn on the taffrail, as before described, with a low crutch or swivel in 
its centre. Then, after heaving the log, the line is to be slipped into the 
crutch just before it is drawn in, and the points and quarters contained 
between the direction of the log-line and the fore and aft line of the semi- 
circle will be the quantity of Iceway. 

When the ship makes leeway the direction of her head by compass is only 
the apparent, not the real course; and the amount of leeway is always 
allowed to the apparent course in a direction from the wind ; hence, looking 
towards the ship's bow— 

RuLE.—Wind on starboard side, allow leewav fo the left hand. 

Wind on poré side, allow leeway to the right hand. 
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Example.—Ship’s head by compass N.N.W., leeway 1} points, with 
wind N.E., gives the actual direction of her course N.W. 4 N. 

Example.—Ship’s head by compass W.S.W., leeway } point, with wind 
south, gives the actual direction of her course W.S.W. 3? W. 

Example.—Ship’s head by compass south, leeway 2} points, with wind 
W.S.W., gives the actual direction of her course $.S.E. } E. 

These examples will make the method of allowing for leeway clear ; 
but remember that leeway is not an error of the compa+s, only a correction 
to be applied to the course under special circumstances, and is independent 
of direction of ship's head as to amount. 

Correct the following courses for leeway :— 








Cree eee: jo Lsewayg de Gaiqeaecs tient 
East 3 pt. | E. 3 N. 
N.N.E. Teast N.E. by N. 
N.W. 2: WNW. 

S.E. 3, | S.E. by E. JE 
W.S.W. ais, | b OWEN, 
South 2h ,, 1 SS.W.a W. 
E.4S., 2 ,, S.E. by E.3 E. 
W.3N. i}, | Ws. 





CoursEs.—There are three different kinds of courses, each of which has its 
special corrections, to be applied in a special way, when converting one 
course into another. : 

I. The compass COURSE is the angle that the ship’s fore and aft line 
makes with the axis of the compass needle, which should coincide with the 
N. and S. line of the compass card. 

This course will be affected by the deviation due to the direction of the 
ship's head, and the variation shown by the chart as appertaining to the 
locality where the ship is being navigated. If there is deviation, its appli- 
cation reduces the compass course to the magnetic course ; and the further 
application of the variation to the latter gives the true course. 

II. The MAGNETIC COURSE is the angle that the ship’s track makes 
with the magnetic meridian. ; 

This course is affected only by the variation, the application of which 
converts it into a true course. When there is no deviation, the compass 
course will be the magnetic course, but it must not be rashly concluded 
that because a ship is all wood there is no deviation. There are sure to 
be iron fittings which may affect the compass. 

III. The TRUE CouRSE is the angle that the ship’s track makes with 
the terrestrial or true meridian. 

This 1s the évue course made good and is derived from the course steered. 
Since the latter does not necessarily, and at all times, coincide with the 
correct compass course, it follows that the true course made good must be 
obtained through the application of the corrections for leeway, deviation, 
and variation—any or all of them, as required; the true course is the 
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basis of the ship’s position by dead reckoning from day to day, or at any 
intermediate time. 

PRELIMINARY AND CAUTIONARY OBSERVATION ON THE CORRECTION OF 
coursEs.—Let it be clearly understood, and without the necessity for further 
repetition, that since the compass is the representation of the visible horizon 
which bounds the observer in every direction at sea, he must never lose 
sight of the conception that the position of the ship, and hence his own 
as navigator, is the centre of the compass card. This is most important, 
for, in speaking of the corrections of the various courses, these corrections, 
now it may be to the right, and now to the /e/t, bear reference entirely to that 
central position, with the navigator looking in the direction of the point 
towards which the ship's head is directed. 

Hence the significance of the terms righ? and /eft, as compared with the- 
movements of the hands of a watch, is this—right is with watch-hands, left 
is against watch-hands. 


The Magnetic Course and the Variation being given, to find the True Course 


Variation of the compass is the angle that the magnetic meridian makes 
with the true meridian. For any given place it affects every compass course 
and bearing alike, to the same amount and in the same direction; thus, 
off the Isle of Wight, where the variation is 16° W., the compass needle 
trends 16° westward of the terrestrial meridian, so that the Pole Star bears 
by «compass N. 16° E., which is the compass bearing corresponding to true 
north. In that vicinity every compass course and bearing is affected to the- 
extent of 16° W. 

RuLE.—Variation westerly, allow it to the left of the magnetic course. 

Variation easterly, allow it to the right of the magnetic course. 

This rule you can often carry out by looking at a compass card, and 
making the correction mentally, but not always; you should aim, how-- 
ever, at getting an accurate result without reference to the compass card. 


y COrrec, 
tio, 
N 





To correct a Compass Course steered, for the Deviation 
Take the deviation for the given course from the Deviation Table: 
(page 339) ; then, to get the correct magnetic course— 
RuLeE.—Deviation westerly. allow it to the ‘eft of the compass course.. 
Deviation easterly, allow it to the right of the compass course. 
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The modern practice is to use the algebraic sum of the variation and 
deviation, which is then called the compass error. For example, variation 15° 
W., deviation 10° E., compass error will be 5° W., which apply as before, 
E. to the right, W. to the left. 

‘The diagrams should assist materially. 

The westerly correction it wil] be observed is + from N. to W., — from W. 
to S., + from S. to E., and — from E. to N. 

The easterly correction is the opposite. 

When the variation, deviation, or compass error is additive, if the sum 
exceeds go° take it from 180°, and the remainder will be S. if previously N., 
but N. if previously S. ; also, when the variation is subtractive but exceeds 
the course, subtract the course from the variation, and name the remainder 
E. if the course was W., but W. if the course was E. 

Modern practice tends to abolish points and quadrantal degrees in the 
compass and to treat it as a circle of 360°, north being 0° or 360°, E. go°, 
S. 180°, and West 270°. 

By turning quadrantal compass courses into their equivalent value 
reckoned from north right round to 360° by table of compass equivalents 
all easterly errors become plus and all westerly errors minus, and all leeway 
when on the port tack is plus and on the starboard tack minus. After 
correcting the course it is easily turned into its proper quadrant by the same 
table. This is by far the best method. 

The excess of 360° would be shown as from o° towards go° and the defect 
as from 360° towards 270°. For example, compass course 350°, error 
20° E., 350° + 20° = 370° = 10°, that is = N. 10° E. Again, compass course 
5°, error 30° W., 360° + 5° = 365° — 30° = 335° or N. 25° W. 

Examples in the Correction of Courses 


As shown above, a course may be affected by three things—variation, 


‘deviation, leeway. 
An algebraical sum can be made of the variation and deviation; the 


leeway is applied separately. 
West East 


pe a ET ite ay 





* 90° 90° 90° 
180° Igoe 
Compass Co. N. 45° E. Var. 16° W. Dev. 16° E, = Error o. 
Error ° 


“True Co. N. 45° E. 
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Compass Co. N. 23° 30’ E. 


Error — 22 oo W. 
True Co. N. 1 30 E. 


Compass Co. N. 67° 30’ W. 


Error — 18 oo E. 


True Co. N. 49 30 W. 


Compass Co. S. 80° E. 
Error + 22 W. 


S. 102 E. 
180 
True Co. N.78 E. 


Compass Co. S. 10° W. 
Error — 8 W. 


True Co. S. 2 W. 


Compass Co. S. 10° W. 


Error — 30 W. 
True Co. S. 20 E, 


Compass Co. S. 5° E. 
Error — 35 E. 


True Co. S. 30 W. 


Compass Co. S. 78° W. 
Error +15 E. 


S. 93 W. 
180 


True Co. N. 87 W. 


Compass Co. N. 70° W. 
Error + 20 W. 


True Co. S.orN. go W. 


Compass Co. N. 80° W. 
Error +30 W. 


180 
True Co. S. 70° W. 
Compass Co. N. 10° W. 
Error —I12E. 
True Co. N.2 E. 


Compass Co. N. 20° E. 
Error —25 E. 


True Co. N. 5 W. 


Var. 17° W. Dev. 5° W. = Error 22° W. 
By diagram westerly error in N.E. quadrant 
is subtractive. 


Var. 10° E. Dev. 8° E. = Error 18° E. 
By diagram easterly error in N.W. quadrant 
is subtractive. 


Var. z10° W. Dev. 12° W. = Error 22° W. 
As it has exceeded go° it must be in the N. 
and E. quadrant, 


Var. 10° W. Dev. 2° E. = Error 8° W. 


Var. 20° W. Dev. 10° W. = Error 30° W. 
Take the difference in these cases and carry 
across to the other quadrant. 


Var. 40° E. Dev. 5° W. Error = 35° E. 
As before, take the difference and carry 
across to next quadrant. 


Var. 5° E. Dev. 10° E. Error = 15° E. 


Var. 20° W. Dev. 0° = Error 20° W. 


Var. 15° W. Dev. 15° W. Error = 30° W. 


Var. 10° E. Dev. 2° E. = Error 12° E. 
Take the difference and carry across to the 
next quadrant. 


Var. 10° W. Dev. 15° W. = Error 25° W. 
Take the difference and carry across to the 
next quadrant. 
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Examples with Leeway 
Take the courses as given on page 334 and proceed as follows— 


Nore.—Leeway is associated with 
heavy weather and in heavy weather 
a course cannot be steered to degrees 
—therefore, both course and leeway 
are generally expressed in points. 
Having first corrected the course for J 
leeway proceed as before. i =r , 


Compass Co. East, leeway } pt., 
wind S.S.E. If the ship’s head is E. 
and the wind S.S.E. it must press on 
starboard side and force her to the 


left or northward, therefore— 
This fig. ee a compass, 


Compass Co. E. or N. 8 pts. E. Wind S.S.E., therefore, aiiow leeway to 
Leeway 2 pts. the left. 
Soonp ts. E. = N.8r° 34’ E. 
then, if the var, is 10° W. a dev. 10° W., Error = — 20 Ww. 
The true course would be N.6r 34 E. 
Compass Co. N.N.E. = N. 2 pts. E. Wind N.W., Port tack, therefore, allow 
Leeway I pt. leeway to the right. 
N. 3 pts. E. = N. 33°45’ E. Var. ro° E. Dev. 2° W. 
Error + 8 Error = 8° E. 
True Co. = N. 41 45 E. 
Compass Co.N.W. = N.4 pts. W. Wind N.N.E., Starboard tack, therefore, 
Leeway 2 pts. allow leeway to the left. 
N.6 pts. W. = N. 67°30’ W. Var. 20° E. Dev. 2° W. 
Error —18 E. Error = 18°E. 
True Co. = N. 49 30 W. 
Compass Co. S.E. = S.4 pts. E. Wind S.S.W., Starbcard tack, therefore, 
Leeway r} pts. allow leeway to the left. 
S.5} pts. E. = S. 61° 53’ E. Var. 12’-30” W. Dev. 10°E. 
Error + 2 30 W. Error = 2°30’ W. 
True Co. = S.64 23 E. 
Compass Co. W.S.W. =S.6 pts. W. Wind south, Port tack, therefore, allow 
Leeway 2} pts. leeway to the right. 


S. 84 pts. W.: that is, 4 pt. in excess of W., therefore 
N. 74 pts. W. = 84° 23’. 


N. 84° 23’ W. Var. 30° 15’ W. Dev. 20° 15’ W. 
Error + 50 30 W. Error = 50° 30’ W. 
N. 134 53 W. 
180 00 


True Co. = S. 45 07 W. 
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Camipass CoS. =0 ' Wind E.S.E., port tack, therefore allow 
Leeway 2} pts. leeway to the right, 4 . i 
S. 2} pts. W. = S. 25° 19’ W. Var. 16°E. Dev. 4°45’ W. 
Error +11 15 E. Error = 11° 15’ E. 


True Co. = S. 36 34 W. 
Compass Co. E. 4 S. = S. 7} pts. E. Wind N.N.E., port tack, therefore allow 
Leeway 1} pts. leeway to the right. 


S. 52 pts. E.=S. 64° 41’ E. Var. 9° 30’ E. Dev. 20° W. 
Error + ro 30 W. Error = 10° 30’ W. 


TrueCo. = S.75 ur E. 
Compass Co. W.4N. = N. 7} pts. W. Wind N.N.W., Starboard tack, there- 
Leeway 14 pts. fore allow leeway to the left. 


N. 83 pts. W., or ? pt. in excess of west, therefore S. 7} 
pts. W. = S. 81° 34’ W. 


S. 81° 34’ W. Var. 15° 15’ E. Dev. 20° 19’ E. 
Error + 35 34 E. Error = 35° 34’ E. 
S. 117 08 W. 
180 00 


TrueCo. = N. 62 52 W. 


For further examples see Day’s Work. 


Form of Deviation Table 


In the following ‘‘ Deviation Table,”’ column 1 represents the direction 
of the ship's head by compass, when the Deviations of column 2 were ascer- 
tained; column 3 gives the magnetic courses. 


1 2 3 1 2 . 3 
Ship's Head Ship's Read a 
(course) Deviati Correct (course) Deviation. Correct 
by Standard Soe Magnotic Course by Standard Magnetic Course 
Compasa. made good. Compass. made good. 


5 
15 
- 24 
33 
42 


North. 
N. by W. 
NNW. 
N.W. by N. 
N.W. 
N.W. by W. 
W.N.W. 
W. by N. 
West. 
W. by S. 
W.S.W. 
S.W. by W. 
WwW 


North. 
N. by E. 
N.N.E. 
N.E. by N. 
N.E. 
N.E. by E. 
E.N.E. 
E. by N. 
East. 


HO ON Qu” 
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io 
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S.W. 
S.W. by S. 
$.S.W. 
S. by W. 
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EXAMPLES FOR PRACTICE. 


Correvt the following Compass Courses fur Leeway, Variation, and 
Deviation of the Compass 
Where the Deviation is not aven, it is to be taken from the Table on yp. 839. 


: Compara Course, 
1. N.N.E. 
2. S.E. by E. 
8. S.W. by S. 
4 NW, 
5. NE. 
6. S. by E. 
7 WAS. 
8 W.3N, 
| 9. W. by N.3N, 
10. S. by W. 
) 11. 8S. by E. 
) 12, E.by NAN, 
13. N.GE. 





14. N.W.4N. 
15. SAW.) W. 
16. EZS. 
17. W. by S. 
16. S.3W. 
19. West. 
20. East. 

21. Nurth. 

22. South. 

23, E.GNn. 

4. S34. 

25. N.E. by E. 3 E. 
26. South. 

27. East. 

28, E.4N. 

£9. N.E.3N. 

30. §. by W. 2 W. 

















| | 

















| Anawors: 
Wind. —, Leeway. | Varintion. | Deviation. Corrected 
N.W. } pt. 1j pt. E. | 20° W. iN. 25° OB. 
S. by W. 4 (12, E.! 17° W.!S. 64° 49°E. 
W.byN. | 9 [1d E. 11% WwW. S, 29° 93° W. 
wsw. !2, | 3, E. 13° W.!N. 46° 45° Ww. 
E.S.E. 14, Jak, W.lwe UNL 98° 4° 8. 
B.byS [ Py» [iby Wie EB 8. 9 41. 
NNW. an | 2» W]e EB. S. 81° 19° We: 
i. by W. | a, [18 * Be’ W. S.62° 19" W, 
| S.w.tys. | 2» | ie wl - N. 71° 80° W. 
| SE.byE, 1 on | 1? EF, | 12 E, §.46° 30° W. 
| E.byS. Won ; 16° W. | a $. 98° 23' E, 
1SE.§S. | Pn E E. | 14° E. §.88° 19° 5, 
}ENE. jj by [Ue Wf — Nae 58° W, 
Inne. | 34 | 7 E. {15° W.) N.58* 38° W, 
| SSE. 2, | 3 W. ai §. 67° 55° W. 
|S. by E, Zo» | lege W. | 194° W. | N.GI® OE. 
Isoyw. [iba | 48° EQ] — | N. Gee arr. 
| W.S.W. bos 73° W. {114° E. |S. 2° 11° W. 
NNW. 1, } 113° W. | 204° E. | West. 
N.N.E. 13h, | 4° OEY aa W. | S. 75° 56’ E. 
WNW. il on | 113° «EL | 223° W. | North. 
ESE. ee meh 13° we] — |S. 9° 53'E. 
N. by E. iy | Baa W. | 20° WL 57? 45' E. 
W.S.W. dn (19g? E./ ave EB. |S. ase 4’ W. 
N.byW. | 2 | G4 E. — | N.6o° 20°F. 
ESE. 14 ,, | 224° wW.l se EB. 1S. 0 BE. 
N.N.E. 1g» | 10° We} 5° WL N. 89° 4°. 
$.S.B. 13, | 203° Wit — |W. 98° 49" B. 
E.S.E. tn | 113° ~B. | 213° E. | N. 69° 19’ E. 
E.S.E. | 7» has Ww. ~ S. 7° 87° W. 
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me 

There are various graphic methods of delineating the deviation of the 
compass, and for converting correct magnetic courses into compass courses, 
and compass courses into correct magnetic courses ; that introduced Neze 
is due to Mr. J. R. Napier, F.R.S., of Glasgow. It is equally applicable 
whether the points on which observations have been made are or are not 
precisely equidistant ; and only requires a moderate degree of dexterity in 
drawing a curved line. 


Construction of the Diagram.—As originally proposed the diagram con- 
sisted of a vertical line divided into 32 equal parts, representing the 32 
points of the compass; it was also subdivided into 360 equal parts, repre- 
senting degrees, reckoned from 0° at North and South to go° at East and 
West; thus it might be considered as the margin of a compass card, cut 
at the North point, and straightened out. 

The diagram that accompanies this work is what has just been described, 
with the exception that the vertical line is lengthened by a point of the 
compass at top and bottom to give greater facility in drawing the curve of 
deviation, should an observation be mea7, but not exactly at North. 

The vertical line is intersected at each point of the compass by two 
straight lines—one plain, the other dotted—each inclined to the vertical 
line at an angle of 60°. 


Observations for the deviations should be made on as many points as 
‘convenient, but those on eight points (at or near N., N.E., E., S.E., S., 
S.W., W., and N.W.) will be ample to furnish a curve sufficiently exact for 
practical purposes. 


Construction of the Curve of Deviation.— Easterly deviations are to be laid 
-down on the dotted line to the right of the vertical line ; Westerly deviations 
on the dotted line to the left. E 

The method of constructing the curve will be best understood by explain- 
ing the projection corresponding to the observations No. 1 (thick curve) 
delow :— 

No. 1 (THICK CURVE). No. 2 (THIN CURVE). 













Ship's Ship's 
eee Deviation. Es Deviation. 
Compass. Compass. 
North 6 30 Ww. North 4 OE. 
N.E. 17 40 E. N.E. 7 40 W. 
East 25 OE. East 5 50 W. 
' SE. 17 40 E. S.E. 28 20 W. 
South 6 30 E. South 4 ow. 
S.W. 8 40 W. S.W. | 22 40 E. 
Ww. 25 oW. West | 25 30 E. ee 


N.W. | 26 40 W. N.W. | 13 2 
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1. Take (with dividers) from the vertical line a distance equal to deviation 
64°, and lay it off on the dotted line, from North towards the left—deviation 
being W. ; at the extremity of the distance make a dot or cross. 

2. Take from the vertical line, a distance equal to 17°, and lay it off on 
the dotied line, from N.E. towards the right—deviation being E.; make a 
dot. 

3. Take from the vertical line, a distance equal to 25°, and lay it off on 
the dotted line, from East towards the right—deviation being E.; make a 
dot. 

4. Take from the vertical line, a distance equal to 173°, and lay it off on 
the dotted line, from S.E. towards the right—deviation being E.; make a 
dot. 

5. Take from the vertical line, a distance equal to 64°, and lay it off on 
the dotted line, from South towards the right—deviation being E.; make 
a dot 

6. Take from the vertical line, a distance equal to 82°, and lay it off on 
the dotted line, from S.W. towards the left—deviation being W.; make a 
dot. 

7. Take from the vertical Jine, a distance equal to 25°, and lay it cff on 
the dotted line, from West towards the left--deviation being W.; make a 
dot. 

8. Take from the vertical line, a distance equal to 263°, and layit off on 
the dotted line, from N.W. towards the left—deviation being W.; make a 
dot. 

g. Repeat at the lower end of the vertical line the first admeasurement 
from North. 

ro. With a pencil and a light hand draw a flowing curve, passing through 
all the dots ; when satisfied that the curve is good, drawitinink. Youthen 
have a curve of deviations, bv means of which the deviation on any compass 
course or any magnetic course may be found, as well as the compass course 
corresponding to any correct magnetic course. 

In a similar manner lay down the deviations corresponding to obser- 
vations No. 2 (thin curve). 


Application of tne Curve of Deviation :— 


I. To find the Deviation on any Compass Course-—On the vertical 
(central) line find the given course ; measure (with dividers) the distance 
from that point to where the curve cuts the dotted line proceeding from 
the point; that distance measured on any part of the vertical line will 
give the deviation in degrees. 

Thus, the deviation, by thick curve, on N.E. by N. is 13° E.; and on 
W.S.W. is 172° W. 

To find the Deviation on any Mognetic Course.—On the vertical line 
find the given magnetic course ; measure with a pair of dividers along, or 
parallel to the plain line, until you reach the curve; the distance in the 
dividers measured on any part of the graduated central line will be the 
deviation on that magnetic course. 

Il. From a given Compass Course to find the corresponding Correct 
Magnetic Course.—On the vertical line find the given compass course, from 
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which move in a direction pirallel to the dofted line till you arrive at the 
curve, and thence move in a direction parallel to the plazu line till you get 
back to the vertical line. The point on the vertical line at which you 
arrive is the correct magnetic course required. (a) 

Thus, by éhick curve, compass course N.E. by N. gives correct magnetic 
course N. 47° E., and compass course W.S.W. gives correct magnetic course 
S. 50° W. 

III. Given a Correct Magnetic Course to find the corresponding Compass 
Course.—On the vertical line find the given correct magnetic course, from 
which move in a direction parallel to the plain line till you arrive at the 
curve, and thence move in a direction parallel to the dotted line till you get 
back to the vertical line. The point on the vertical line at which you arrive 
is the compass course required. (6) 

Thus, by thick curve, for correct magnetic course S.E., steer by compass 
S. 67° E.; and for correct magnetic course W. by N., steer by compass 
N.51° W 

1V. Bearings require correction for the direction of the ship's head.—Thuss 
if the bearing by compass is N.E., and the ship is heading by compass S.E- 
on which the deviation is 28° W. (by ¢hin curve), the correct magnetic 
bearing will be 28° to left of N.E., 7.¢., N. 17° E. 


(a) ‘‘ From compass course magnetic course to gain 
Depart by dotted and return by plain. 


(b) “‘ But if you seek to steer a course allotted,* 
Depart by plain and return by dotted.” 


With the deviation as above, give the courses you would steer by the 
Standard Compass to make the following courses, correct magnetic— 
(using thin curve). 

E.N.E. N. by W. N.E. S.W. 

Ans. S. 86° E. N. 19° W. N. 58° E. S. 29° W. 


Supposing you have steered the following courses by the Standard 
Compass, find the correct magnetic courses made from the above deviation 
tabie—(using thin curve). 

S.5.W. S.E. by E. E.N.E. W. by N. 

Ans. S. 33° W. S. 87° E. N. 50° E. N. 56° W. 

You have taken the following bearings of two distant objects by your 
Standard Compass as above; with the ship’s head at S. by E., find the 
bearings, correct magnetic—(zsing thin curve). 

Bearings by compass S.W.3}W. and N.W. by N. give 

Ans. Correct magnetic bearings S. 373° W. and N.47° W., since the 
deviation on S. by E. is 13° W. ° 


(From thick curve).—Give the courses you would steer by the Standard 
Compass to make the following courses, correct magnetic. 
E. by N. W. by S. S.E. by S. N.N.W. 
Ans. N.57°E. N. 74° W. S. 53° E. N. 10° W. 


* The course allotted is the magnetic Course from the chart. 


344 NAPIER’S DIAGRAM 


(From thick curve).—Supposing you have steered the following courses 
by the Standard Compass, find the correct magnetic courses made. 
E. by S W. bv S. E. by N. N.W. by N. 
Ans. S. 54° E. S. 58° W. S. 75° E. N. 55° W. 


(From thick curve)—You have taken the following bearings of two 
distant objects by your Standard Compass with the ship’s head at E. by N.; 
find the bearings, correct magnetic ? 

Bearings by compass N.E. and S.E. give 

Ans. Correct magnetic bearings N. 70° E. and S. 20° E., since the 

deviation on E. by N. is 25° E. 


(From thin curve).—Give the courses you would steer by Standard 
Compass to make the following courses, correct magnetic. 
E. by N. S.S.E. W. by N. N.W. by N. 
Ans. 3S. 73° E. S. rr° E. S. 75° W. N. 47° W. 
(From thin curve).—Supposing you have steered the fullowing courses 
by the Standard Compass, give the correct magnetic courses. 
S.W. by W. N.W. E.S.E, $.S.E. 
Ans. §. 80° W. N. 32° W. N. 83° E. S. 43° E. 


(From thin curve).—You have taken the following bearings of two 
distant objects by your Standard Compass, with the ship’s headat S.E. by S.; 
find the bearings, correct magnetic. 

Bearings by compass N.E. by E. and N.W. 4 N. 

Ans. Correct magnetic bearings N. 31° E. and N. 64° W., since the 

deviation on S.E. by S. is 25° W. 


(From thick curve).—Give the courses you would steer by the Standard 
Compass to make the following courses, correct magnetic. 
E, by N. S.S.F. W.4N. N.W. by N. 
Ans. N. 57° E. S. 39° E. N. 57° W. N. 18° W, 


Supposing you have steered the following courses by the Standard 
Compass, give the correct magnetic courses made good—(using thick 


curve). 
S.W. by W N.W.3N. S.E. by E. N. by W. 
Ans. S. 43° W. N. 65° W.., S. 37° E. N. 23° W. 


You have taken the following bearings of two distant objects by your 
Standard Compass, with the ship’s head at W. by S.} 5S. ; find the bearings, 
correct magnetic—(tsing thick curve). 


Bearings by compass N.E. by E. and N.W. 4 N. 


N. 56}° E- N. 394° W. 
Dev. on W.byS.4S. =2r W. . . ar W. 
Bearings Corr. Mag. N. 35} E. N. 60} W. 


N.B. Bearings must always be corrected for the deviation due to the 
direction of the ship’s head at the time the bearings were taken; in this 
case the deviation on W. by S. 4S. must be used. 


Vv 





THE DAY’S WORK 


A Suip’s RECKONING is that account by which it can be known at any 
time where the ship is, and on what course or courses she must steer to gain 
her port. 

Shaping the Course.—Having taken the departure, the course must then 
be shaped, and from that moment the run by log must be noted. Having 
decided on the track, the true or magnetic course can be taken from the 
chart ; if the latter, allowance must be made for the deviation due to the 
direction of the ship's head to obtain the compass course. If sailing in a 
known current there should be deduced and allowed a proper amount for 
it. Should the wind be ahead, the tack must be chosen upon which the 
greatest distance will be made good towards the port of destination. 

The Loc-Boox isa book ruled in order to contain the daily copies of the 
remarks written at intervals during the day of everything connected with 
the progress of the ship, on her voyage, and any occurrences worthy of 
notice. It is strictly a journal, each page being ruled for one day; with 
other important entries superadded, it is the official, and only authentic, 
record of the daily proceedings on board ship, and is divided as follows, 
under the headings of :— 

les kK. ‘ | Courses. | Winds. | Lee- | Dev | Remarks, Monday, 


| way. | \ April roth. 








The column on the left contains the 24 Hours from the noon of one day 
to the noon of the next, divided into two portions of 12 hours each. 

In the second and third columns are the Knots and Fathoms (or Knots 
and Tenths) the ship is found to run per hour, set against the hours when 
the log was hove. 

N.B.—The log is generally hove once in two hours, and the intervening 
rate inferred. The ‘‘ patent log ‘’ gives the miles run between the intervals 
of observing it. 

The fourth column contains the Courses the ship steers. 

The fifth column gives the direction of the Winds. 

The sixth column notes the Lecway, when any has been made. 

The seventh column is for the Deviation on the ship's head by compass. 

The eighth column, for Remarks, gives :—The kind of wind and weather 
—as moderate, fresh, a gale, squally, strong gale, foggy. cloudy, etc.; the 
state of the sea—as smooth, moderate, high, or heavy, etc: ; the alteration 
of the sails—as tacked ship, squared the yards, etc.; the business doing 
aboard, as to the employment of the crew; when the ship was pumped, 
and the water in the well; the ships sighted or spoken; if in soundings, 
the depth of water and nature of the bottom, etc.; the Variation of the 
compass ; and what other remarks the officer of the watch thinks it his duty 
to insert. 

In the Koyal Navy the time is reckoned as on shore, and has been kept 
in civil time since 1805, by order of the Admiralty. In the Merchant 
Service it has been the custom to begin the day at noon, and presumably 
this continues to be the case in the majority of ships, and with most Masters. 
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But there can be no doubt that the ship’s log should be kept in Civil Time, 
24 hours to the day,—the first 12 hours being A.M., and the second 12 hours 
P.M.; by this mode of reckoning, the noon of the Date by Log agrees with 
the astronomical day, and there can be no confusion in the correction of the 
elements taken from the Nautical Almanac. The civil day begins at mid- 
night and ends at the midnight following ; the astronomica! day begins at 
noon and ends at the noon following: but the noon of any given date, as 
May 12, or November 20, is the same in both methods of reckoning ; hence 
the civil day is 12 hours in advance of the astronomical day 

The barbarism of reckoning by a nautical day, 12 hours in advance of 
the civil, and 24 hours in advance of the astronomical, day, cannot be too 
much deprecated, and must have frequently led to errors in the computation 
of the astronomical data. Besides, two modes of reckoning dates must 
surely be enough, without the complication of a third, and wholly useless 
date. 

DeaD REcKONING is the diff. lat, dep., and diff. long..—the lat. in 
and long. in—and the course and distance made good.—derived from the 
courses and distances made during the 24 hours. The latitude and longi- 
tude obtained from the log-board or log-book is written lat. by D.R. and 
long by D.R.; or lat. by acc. (account) and long. by acc.—to distinguish 
them from what is obtained by observation of the sun, etc., which 1s written 
lat. by obs.. and long. by obs. 

Note.—The error in the Distance arising from an error of a quarter. of a 
point in the Course is about one mile in twenty. 


The Day's Work 


WE will now proceed to the solution of the day’s work—which is the 
determination of the ship’s position by dead reckoning, the basis of which is 
to be found in the log-book, which has been copied from the scrap log 


Summary of Rules for working a Day's Work 
When correcting a course or bearing. always suppose yoursel{ standing 
in the centre of the compass, looking in the divection of the course or bearing 


A compass course may be affected by leeway. deviation and variation. 


A magnetic course can be affected by leeway and variation, not by 
deviation. 


A compass bearing may be affected by deviation (due to the direction 
of the ship's heading or course), and by variation. 


A magnetic bearing can be affected only by variation. 
When correcting for leeway— 


Allow it to the right if on the port tack ; 
Allow it to the left if on the starboard tack ; 


that is, in a direction /rom the wind. 
When correcting a compass course for deviation— 


Allow it to the right, if Easterly ; 
Allow it to the deft, if Westerly. 
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1 Reverse the departure bearing; express if in degrees, and apply 
the deviation (due to the direction of the ship’s head), and the variation ; 
the result 1s to be taken as a course. 


2. Correct each course in succession, allowing the leeway, applying the 
deviation, and the variation. 


3. The current being magnetic, treat it as a course, but only apply the 
variation. The drift is taken as distance. 


4. The true courses being thus found are then, with their respective ° 


distances, to be entered in the lollowing form :— 





Departure. 


True Courses 





5. Enter Traverse Table with the several courses and distances, and 
fill up the difference of latitude and departure columns. Remember 
to read from the top of Traverse Table if course is less than 45°, but 
from the bottom if over 45°. Also. if distance exceeds 600 miles, enter 
the Traverse Table with Aalf the distance, take out the corresponding 
difference of latitude, and departure, and then double them. 


6. Add together the quantities in the N. column, and also in the S. 
column; then take the difference of the two sums, giving the remainder 
the name of the greater quantity (N. or S.); the result will be the differ- 
ence of latitude made good. 


7. Add together the quantities in the E. column, and also in the W. 
column; then take the difference of the two sums, giving the remainder 
the name of the greater quantity (E. or W.) ; the result will be the departure 
made, 


8. FoR THE COURSE AND DISTANCE ‘MADE GOOD, enter Traverse Table 
and seek out the page where the difference of latitude and departure 
made are side by side, reading headings of columns from the top if differ- 
ence of latitude is greater than departure, but from the bottom if difference 
of latitude is the less. The course (in degrees) is taken from the top of 
the page if difference of latitude is greater than departure, but from the 
bottom if difference of latitude isthe less. The distance-comes from distance 


-column alongside the given difference of latitude and departure ; name 


' 
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the course according to the difference of latitude and departure, and 
write the result thus—course made good N. or S... .° E. or W.; Dist. 
. miles. 


. For THE LATITUDE 1n.—Under the latitude left write the difference of 
latitude; if both have the same name (N. or S.) take their sum for éatitude 
tn, of the same name as latitude left; if one is N. and the other S. take 
their difference for the /atitude 1m, of the same name as the greater. 


10. For the Middle Latitude.—Add together the latitude left and latitude 
in, if both have the same name (N. or S.), and divide the sum by 2. 


tr. FoR THE DIFFERENCE OF LONGITUDE.—Enter the Traverse Table 
with 
Mid. lat. (as a course) ° | the dist. (in dist. col.) 1s the 
and dep. (in D. Jat. col.) | required diff. long. 


Or, for accuracy, by middle latitude sailing. 


log. diff. long. = log. dep + L sec mid lat. 


Dep. ...m. log. ......- : 
Mid.lat. . .° .. SCCr aogeee gS 5 
Diff. long. . loge. <u P 


If one latitude is N. and the other S. the departure may be taken as the 
difference of longitude. 

12. For THE LONGITUDE 1n.—Under the longitude left write the differ- 
ence in longitude with the same name as the departure. If longitude left 
and difference of longitude have the same name (E. or W.) take their sum tor 
the longitude in, of the same name as longitude left ; excepe this sum excced 
180°, in which case subtract it from 360°, and mark the remainder W. when 
longitude left is E., but E. when longitude left 1s W. If tongitude lett 
and difference of longitude have different names (one E. and the other 
W.), take their difference for the longitude in, of the same name as the 


greater. 
The day’s work is thus completed. 


EXPLANATION OF Day's Work, No. 1 

The courses, leeway, and variation being in points of the compass, you 
wil] retain them so, and use Traverse Table tor points. 

ist. Begin with the bearing of the point of land; reverse it, and enter 
it as a course afier correcting for variation. 

znd, Take each course in succession, correct for leeway (if any), and 
then for variation ; alsosum up the distance run on each course. The third 
column being marked F, remember that 8 furlongs = 1 knot. 

3rd. Take the current as the last course, and correct for variation. 


ath. Then proceed as directed in the foregoing summary. 
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No. 1—This ts a copy of the Scrap log, divested of the bulk of the remarks 


™ 


1 
Coursea | Winds. i Remarka, 
i 


from the Lizard in 
Lat. 49° 58’ N. 
Long. 5° 12’ W. 
i bearing by compass(magne- 
S.W. by W. | N.W. by W. + tic) N.E. by E. distant 14 
| miles. 


| Pts 
W. by N. | North o | pM. The Departure is taken 
' 


OMY SCHSWHH 


S.W. | W.N.W. 4 
| Variation 2 points West. 


| West 3 
AM. 


} | Current set ship N.W. by N. 
| (magnetic) 8 miles during 


the last 12 hours. 





WAT OMAUA OOM FON ABANAOCUAFAAD | * 
FCF OCOCOSOHR OBAAOCH AOCHSHAAWASHO 








Diff Lat. Departure. 
Corrected Dist. 









































Des Co tst Co. Courses. ——— oS 
S5W N7W Be ae 
2W 2W. a 
w Nog Ww. S. 3 pts. W. 14 1r6 78 
ee es S.7 Ww. 3 6:0 304 
ce S. 2} Ww. 20 t rp-2 10-3 
and Co. S.7 W. S. 14 W. | 20 19 | 5:3 
S.5 Ww. N 3t W. 26 1 15-5 
t Cur. Co N E. 28 b4 
= Ue eae S. 32 W.} 24 17:8 16+1 
5.43 W. N. 3 W. ‘ Ww. 8 ‘ad Se 
2 W, 2W. Ms oF | 67 
S. 22 W. N. 5 W. 
533 | 77 | 6-4} 92-6 
Prove the rest 53°3 4 
yourselt. tn 
Diff. Lat. 18-4 Dep. g1°z 
Lat left 49° 58’ N. Mid. Lat. 49° and Dep. gre (in Lat. col.) in Trav. Tab. give 
Din Lat 18 S. 139 in dist. col., for Diff. Long. 
Mid. Lat. 50° and Dep. gr-2 (in Lat. col.) in Trav. Tab. give 
Lat. in 49 40 N. 142 in Dist. Col., for Dilf. Long. 
Take 141 for Did. Long. corresponding to Mid. Lat. 493°. 
2)99 38 
Long. left 5° 12’ W. 
Mid. Lat 49 49 Diff. Long. 1rgt’=2 21 W. 








Diff. Lat. 18-4 S. and Dep. or-2 W. in Trav. Tab. Long.in 7 33 W. 
give Course made good S, 784° W. and Dist. 93 miles. a 





We have refined here. which is not genetally necessary : it would have been 
sufficient to have taken Mid. Lat. 50° to find the D. Long. 
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These results would be entered in the log-book in something like the 
following form, beneath the day's (24 hours) transactions :— 














Latitude. Longitude, 








Course, Dist. | Diff. De eo we le eet 
made good.| run. | Lat. Pp. le D. R.| By Obs |Long.| By D. R. |By Obs. 


S. 783° W.' 93 m.|18’- 4S.'91’-2 W 49° 40" N. 
i | ‘ 





141’ W) 7° 33° W. 


Where there is no deviation of the compass, there is no absolute necessity, 
under ordinary circumstances, to correct the courses for variation, until 
you have arrived at a difference of latitude and departure from the courses 
corrected for leeway ; it saves trouble, and the result is equally accurate. 


The following is the day’s work just solved ;—the courses are corrected 
for leeway, and with the distances, a difference of latitude and departure are 
found in the usual way ; then this difference of latitude and departure give a 
course and distance (1):—Now correct the Course (just obtained) for variation, 
and you get the true course (2) ;—with the true course and distance get 
the true difference of latitude and true departure (3) ; and the remainder 
of the solution is as before. 


N.B.—The figures in thts method (below) are as many as by the former one, but you 
femember we have not been at the trouble of correcting each course separately for variation. 


(1) Diff Lat. 17°7.N. and Dep. 91:2 W, 





















Courses. 7 st as: Departure: in Traverso Table give Course 
Correety:d for [ Dist. |. ——————-_ | —_-__—__ N. 79% W. and Dist. 93 uw. 
Leeway. N. s gE. w 
: ee ee] ip ee (2) Then Course corrected for 2 pts. 
S.5 W. 14 728 11-6 W. var. gives True Co. 8. 764° We 
N.7 Ww. 3L 6-0 f 30-4 
5S. 43 W. 28 }-2129. 161 F (3) True Co. S. 784° W. or W. by S- 
5S. 34 W. 20 5 t2°7 and Dist $3in ‘Traverse Table giv' 
Nd W. 20 25-2 63 Truc Dill. Lat. 181 S., end Trae 
N, oe E 28 125-3 12°0 Dop. 91-2 W. 
S. 51 W. 24 10°3 20-7 
N.3 W. 8 O-7 44 
' ~~ = 
63-2 45°5 | 120 [103-2 oa 0 
45°5 | rao : 2)09 38 
Dif. Lat. 17-7 Dep. 92 Mid. Lat. wi... 49 49 


Mid. Lat. 4y3° and Dep. 91-2 (in Lat. col.) give in Traverse Table Dist. 141, which 


is Dili. Long. 





Long. left......-.+5 5°. 
Dilt. Long. t41° =... 2 21 W. 
Long. 1 ceseeeeeee 7 33 





At sea, in the second day’s work, and so on, there would be no 
departure other than the latitude and longitude left on the previous day. 
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Day’s work No. 2 has leeway, deviation, and variation ; and the solution 


is by correcting the courses, first, for leeway (if any) ; 


then for deviation ; 


and, lastly, for variation ;—unless you correct by the error of the compass, 
that is, taking deviation and variation together. 


BN BON BNYVYUNAAVWYVNVN BOVNNNVAARA 
BATCOLAADOF BOOH ACOA OAADA 


Dep. Co 
S. 45° E. Ss 
5 E. 
S.40 E. Ss 
= 24 s. 
S$. 64 E 
Ss 
Ors. 45°E. 
24—5= 19 W. 
S. 64 E. 


Prove the rest yourself, and to Current 
apply only the Var. 





Lat. left. 51° 

Diff. Lat. 86-5 = 1 
Lat.in 50 

2)1or 

Mid.Lat. 50 





Hse; Dev. 


S. by W. 4 W. |W. by S! rae s° 5. 


S.W.2W. | W.N.W.! 2 | 0° W. 





1st Co. and Co. 
TW. 8.42 W 1 corrected 
t i Cuurgea 
. 1} pt. W. S. 4 W. 
14° W. S$. 51°W 
SE. 33 W 
.19 W. Ss. 18 W 
24 W. 7 
218 ES 
etc., etc. 





p.m. The Departure is taken 
from the Old Head of Kin- 
sale in 

Lat. 51° 37' N. 
Long. 8° 32° W. 

bearing by Compass N.W. 

distant 12 miles; Ship 

heading S. by W. 4 W. with 

Deviation 5° E. 


A.M. 


Variation 24° W. 


Allow for Curreot setting 
W. by N. (magnetic) 14 
miles during the last 16 
hours. 








37° N. Mid. Lat. 51° and Dep. 17°1 (in Lat. col.) Traverse Table 

27S. give 27 io Dist. col., tor Drift. Long; or by cai- 
ION. culation as belaw 

Mid. Lat. 50° 53° — sec. 0-2000 Long. left. 8° 32° W 

47 Dep. I7°1 log. 1-2330 Daft. Long. 27 W 

53 D. Long. 27’-1 log. 1°4330 Long. in 8 59 W 


Diff. lat. 86°5 S. and dep. 17°t W. in Traverse Table for points give course. 
made good S. by W., and distance 88 miles. 
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Day’s work No. 3, with courses corrected by using plus and minus 
‘signs as shown by diagram. 


'BeanmnG REVENssD, 
N.N.E.AE.=N 28°8' E 








Remarks, etc. 


B.} Courses. E. 








distance 10 miles. 
| Ship's Head N.N.W. 
oo W ' Dev. as per log. 


1st CoonsE. boat ro lee: 
NNW. = Newsow | a] N.NW. | 9/8) 7°W.| Departure trom a 
Leeway = 38 L 2 9 ' pont in 
nz ew | 3 9 Lat. 62° 11’N. 
Var.20 W! 5 4 9 Long. 5° 8 E. 
Dev. 7W) ESE ON Z| 3 18°W., bearing by compass 
ww | 2 . | SS.W AW 
§| 9, 
4 9: 
9 


2np COURSE. 
WNW. = N6??30'W 
Leaway = 826 L 


Ni 56 W 





3° E.! Vanation 20° W 


NMONNAAROCOCOORNNE COOH 








Var. 20W 
Se joo 
N13 56 W 9) 2°E./| A Current set 
180 00 8 S.W. by W., correct 
sae aw 8 Magnetic 36 miles 
rae at 8 from the time the 
8 departure was taken 
7 to the end of the 
3np Cocnse. 7 day 
5.5 WaW=soe BW 7 ‘ 
Leowsy = 249 R 
83057 W 
Var MW) —<o9 00 W 


.Dev. 9W J 
6.157 W 
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Day’s Work No. 3, continued. 



































dtu Coonse. Conraea. 
8 by B.= $11°15' E I aor 
Var.20W) 
Dev 3sj tw N. ce to 100 | 0-2 
maria ie N. 55 W. 39 224 319 
528.188 S 66 W. 36 14°6 32:9 
61a Cavnrar. S. 2 W. 39 39°90 rq 
at © api S. 28 E. 40 353 18-8 
Ssj;E = § 5°30 E 
Leeway= 1115 LB S. 35 E. 35 28:7 20-1 
=r N. 23 E. 31 28:5 T21 
316 53 E Ss 33W 36—CS! 29°F are 
Var. 20ow 18 w SS en eee — 
Dev. 2 EY TH , Gog | 146-7 52 87-4 
, a ' | 60-9 5i2 
83453 E t es eel 
| D.Lat &5-8 Dep. 36-2 
é7Tn Course 
NUN.E. @N2230'E 
Leeway = 14 4 R Lat left 62 11°N. Dill. Gat... 65°8S « Course §.93° W. 
Nuegt E Diff. Latoese = 1 a S Depurt...... yore W. Distance 92m. 
Var 20 w | sai og Lat. in 
Dev 6 El 2) Long left... & 8 E. 
eee Mid. Lat. Sec 10-3206 ~ 116 Ww. 
Ccrrent Dep Log = 1°6587 Long in...... 952 E. 
Beg a ee ie — ee 
Se ae ¥ D. Long 60) 75°7 Log. 18193 For D Long it ia 
BE cess ey 7 sufficient to take logs. to 
683615 W — four places of decimals. 








Examples of Day's Work for Practice 


Example 1 — 





nA | Courses. | K T {| Winds | ee Itemarks. 
—|—__— |— Shia aae | tse te geo 
1 E.4N 4' 8°: SSE. 1} | The departure is taken froma 
2 . ; 5 2 point in 
3 4 20 ' Lat. 47°34°N 
4 ; | 5 8 Long 52° 40° W. 
/N . 4 E. 6 8 East 4. bearing by compass 
é es | 7 8! , W by N.} N.distant 17 miles. 
74 1 8° &: | 
8 | 9, 6; i 
9 | S.E. 3 S. | g i ' ENE t | 
tt ; 1 & 6 Vanation 2} points W 
12 | iz 6 1 
1) WN.W 3W. &8j; 8! SW 3 \ 
ai os; 8° 
3 8: 8! | 
5 E25 g! § NNW i 
N.E, e : v2 t 
é ! 9, 8 A current set E.N.E. 4 E., cor- 
7 g; 6 | ! Tect magnetic 17 miles. from 
8 i 8) § i | the time the departure was 
g/|SE.byE.2E.| 7 | & | N.E. ; 4.» taken to the end of the day. 
10 ' 6 2 
1 | 6: 8 
12 , 74 2 


Ans. D. Lat. 81'-2N.; Dep. 732 E.; Course N. 42° E., Dist. rag m. 5 
Lat. in 48° 55’ N.; Long. in 50° 50’ W. 
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a Se 2.— 
H. Courses. RK, | 1 Winds. lia] coins PRE wot, JET ie fee] Dev Remarks 
es Fy Pis 
1 N.W.byW. g | 8 N. by E. 1 | 16° W | The departure is taken trom 4 ! 
2) &!2 point in 
3. 8| 8 Lat 38° 43'S 
+! 8 2 Long 77° 35'E 
5 | S.E. by S. | 9; 8 SW. by ae rE bearing by compass 
6} 9:2 SS.E 4 E. distant 16 miles | 
7! 10) 8 Ship's head N W. by W. with - 
8 10/2 Dev. as per log. 16° W. 
9; Saw. jj t0o!2 E.S.E. 2° W. | 
10 | ; 10) 2 ' 
ir} 10; 2° | 
= 10 4 ; 
I W.RN. 9,8 N. by W. 26° W.) Variation 25° W. 
2 9; 6 | 
3 | 8); 8 / 
4 8B: 
5 N.N.E.BE) 7,8 °> N.W. | 13 8° E. | Acurrent set S.E. by E., cor- 
6) &/| 6: : rect magnetic 39 miles, from 
7! 8 | 8} | 1! the time the departure was 
& 8 | 8) taken to the end of the day. 
9 S. by E. 9,2! E. by S. 2) 3°E. 
10; 9 lal 
m yg | 2 | 
ae 9\4 : 
Ans. D. lat. 109’S.; dep. 477-5 E.; course S. 23}° E., dist. 119 m.; 


lat. in 40° 32’ S.; 


=e 3.— 


Ans. D. lat. 


9774S. 


long. in 78° 37’ E. 


io 
8 
o 
3! 
8 
8 
8 
a) 
16 
; a 
2 
2 
° 
6 
8 
6 
2 
2 
8 
8 
6 
8 
8 
8 


lat. in 59° 42’ N.; long. in 178° g' W. 





7° E. 





Remarks. 


6° E. The departure taken from a 


point in 
Lat. 61° 19’ N. 
Long. 179° 19’ E 
bearing by compass 
N.W. by W. distant 18 miles. 


| Ship’s head N.N.E. with 


Deviation as per first course. 


Variation 20° E. 


A current set S.E. by E., cor- 


rect magnetic 38 miles, dur- 
ing the 24 hours. 


dep. 74°°8 E.; course S. 374° E., dist. 123 m. 
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Frample 4.— 











H. Courses. «© K. i T. Dev. Rewarls. 

« NEE. 9 8) NNW. ft | Departure taken from a point wt 
2 7° 6 in 

3 7 8° | Lat. 60° 51’ N. 

4. a) i Long. 0° 53’ W. 

5, N.N.E. | §$ N.W. +) & bearing by compass 

6. 4 9 2 { | | S.S.W.2W., distant 12 miles. 
7: ! 9 o + § Ship's head N.E. $ E. by com- 
8 90 te: pass. 

9 E.S.E. 8 0 touth ti = 

to 7 0 3 

(r } ea 2: | < | 

12 \ 7 0 | ee } ay 

1 SEZE.; 8 6 | $.5.W. zg: ss Variation 26° W. 

2 9° | 3 

3 9 8, f 8s 

4 | g 81 a 

5' E.byN.!] 8 o|N. by E.) 1} ¢ 

6, | z!o} a) 

? | 6/0 | | | 

gs £18 ! 

9 NAW. 6,6 West 2h 

10 6,6 | A current set S.W. by S., cor- 
{1 6) 6) | I | rect magnetic 36 miles, dur- 

6 2 | | | ing the 24 hours. 


ia 








Ans. D. lat. 110 N.; dep. 94’ E.; couse N. qo}° E., dist. 145 m. ; 
lat. in 62° 41’ N.; long. in 2° 26’ E. 


Example 5.— 




















H. | Courses, | KT.) Winds. 35, Dev. j Remarks. 

| | | 

2°N.390°W.{ 6 4) SW. 3° | 3° E. | Departure taken from a point 
3, 5 6! { of lanct in 

40 4 io} | Lat. 40°19’ S. 

5 / 5 4! | Long. 9° 44° W. 

O N.22g°W.) 55 4 West 3° | 84° E., bearing Last by compass. 
71 5 0 6 distant 20 mites. 

8 | 5 6 | Ship’s head as per first course. 
9 614 

1o |N.224°E.| 6 ¢ N.W. 6° | 20}° E. 

tre 5.4] ' 

r2 | 6 2! ' Variation 20% W. 

1. S. 48° E. | 6 2 NLW. o 16° W. 

2 6 6 

3 1; 6la, | 

4 So34°E | 4 6 S.W. o |g W.! 

5 5/41 

6; N.3°W. 5 | 6| W. by N.} 3° | 4° E. 

7 6) 44 

8 7,0 | A current set the ship W. 
9 O.4 by N. & N., correct mag- 
to 6°90) | netic 36 miles, during the 
tr ns) | | 23 bours. 

12 50 


Ans. D. lat. 73° N.; dep. 53’ W.; course N. 36° W., dist. go m3 
lat. in 39° 6’ S. ; long. in 10° 53’ W. 
x2 
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Day’s Work, involving the finding of the Set and Drift 


The second method of correcting courses is shown in the two following 
examples, and should be used in preference to any other method. It 
consists of reckoning the course from 0° at North, through East, South and 
West to 360° at North. In this method all easterly deviation or variation is 
plus, and all westerly ‘deviation or variation is minus; all leeway on the 
port tack is plus, and all leeway on the starboard tack is minus. When 
the course has been corrected it is turned into its proper quadrant by the 
‘Table of Compass Equivalents ’’ in Norie’s Tables. 


To find the set and drift, take the difference between the position by 
observation and the position by dead reckoning; turn the difference of 
longitude into departure, using for this purpose the same middle latitude as 
was used when finding the difference of longitude ; then, with this departure 
and the d. latitude, search in the Traverse Table until they are found side 
by side in their proper columns, when the number of degrees at the top or 
bottom, as the case may be, will give the set, and the miles in the distance 
column the drift. When correcting courses all quantities less than 30’ are 
dropped, and for quantities more than 30’ increase tbe degrees by one. 


To consiruct the Figure for the Duy's Work (see Fig. 1) 


Draw a line in a North and South direction of any convenient length. 
Take from any scale, in a pair of dividers, the d. latitude, and if the d. 
Jatitude be South, lay it off from the top of the line; but if the d. latitude 
be North, Jay it off from the bottom of the line and mark the point at the 
top or bottom A. With one leg of the dividers on A the other leg will 
reach a point, which mark C, then A C isthe d. latitude. From C drawa 
line at right angles to A C to the right, if the departure is East, but to the 
left if the departure is West ; take from the same scale, in a pair of dividers, 
the departure, and with one leg on C, the other leg will reach a point, which 
mark B; now join A B, and the triangle is complete. The angle at A 
is the course; AB is the distance; AC the d. latitude; and CB the 
departure. 


To draw the Figure for D. Longitude 


At B Jay off an angle equal to the middle latitude, and draw B D, then 
B D is the difference of longitude. 
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Example 6.— 


@ S. 23° E. =157° 
Leeway + II 





168° 
Dev. — 18 H. 
150 zy 
Var. + 12 : 
$.18°E. = 162° 1 
— 2 
42) 79° 3 
Leeway + 6 4 
War, tpl 5 
97 6 
Dev. — 15 7 
N. 82°E. | 8 
@ South = 180° al 
Leeway + 17 
Var. + 12 
209 Lu 
. Dev. — 2| 
S. 22° W. 202° 3 
——_—___—_—- } 3 
(4) 5S. 45° W. = 225° 5| 





Leeway + 23 
Var. + 12 
Dev. + 14 





N 86° W. = 
{51 S 56° E. 
Dev. — 26 


Om 


Var + 12 
S jo E = 110° 


Find the set and drift of the current. 























iL 


OOM ONBONAN a mm 


Courses. Dis. | N Ss | E Ww 
| 
S. 18° E. 3r 295 g6 
N. 82° E. 53 74 52°5 
S. 22-7 W. 24 | 22°73. go 
N soo W. 14 10 { ; t4'o 
S. 70° E 6a 22 ae 
ne el 
Couree § 56° EB. a4 G23 1s'5 +70 
S4 oe 
” aay, ees 
Dist. 115 miles. -9 55 
Lat. 00 00" 
Dir te 3 * = To find d. Jong. Long. lett 170° 80° H. 
Afar “di long. = dep. x Sec. Mid.Jat. Diff.loug. 3 6 EL 
Lat in 58 56 N. Dep. 855 oy. 1°6600 a 2 
— Mid. Lat. 59° 28 See. 10-2941 purese Ie 
: 2) 118 56 6) 18s" Log. -—— e000 
Mid. lat. 5923 N. atone BY Long. init? 2 Ww. 
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Remarks. 


1 |r8° W.| The departure was 
taken from a posi- 
tion in 

Lat. 60° 00’ N. 
Long. 179° 30° E. 


~ 


< 


Variation 12° E 
7° 15'W, 


a mb Oa ona bet be 





The position by Obs. was found to be Lat. 58° 50° N., Long 177° 12° Ww. 
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To find the set and drift by inspection is simply finding the course and 
distance from the dead reckoning position to the position by. observation. 





D. R. lat. 58° 56’N. D. R. long. 177° 22’ W. 
Observed lat. 58 50 N. Observed long. 177. 12 W. 
d. lat. = 6 d. long. = 19 


With middle latitude 59° 28’ as course, and d. longitude 10’ in distance 
column gives 5'r15 in departure column in Norie’s New Tables. Then with 
d. latitude 6’ and departure 5’-15, it will be found that the required sct is 
S. 41° E., drift 8’; South because the latitude by observation is South of the 
latitude by dead reckoning ; and East because the longitude by observation 
is East of longitude by dead reckoning. The mean of departures given by 
middle latitude 59° and 60° is taken to find the departure for middle latitude 
59° 28’, and this mean is 5°55, as shown above. 


Example 7.— 





























(1) 225° 
Dev. — a, 
218 
Ver Bm 
236° H. Courses. | K./T. Winds. sce Dev. Remarks. 
(2) South = 180° | _ at ee ; 
Leeway — 6 r South 8 W.S.W. 4 | 7° W.| Diego Ramirez 
ait 2 85 bore by compass 
174 3 9 N.E. 30 miles. 
Dev. 7 4 9 : Ship's headSouth, 
ee 167 2 8 5 
ara 8. zt N. 54° W. 7:5) S.W. byS. | 2 | r0o° EL 
S. 5° W. = 185? 8 7|8 
So oe 9 7) 
io 7 
Bearing reversed. rr 7\5 Variation for the 
(1) S. 45° W. = 225° 12 7/5 ' first t2 hours 18° 
Dev.— 7 I) N.34°W.] 8) W.byS. | 4 | 8° E.| E.,forthesecond 
—_— 2) 8) 12 hours 22° E. 
218 3 8 5 
Var. + 18 4 8 5 
o = 236° 5 9! 
S. 56° W. 30 3 9| 
7| S. 68° W. 9/5 N.E. o | 18° E. 
(2) South = 180° 8 9,5 
Leeway — 6 9 ro. 
i 10 10 Current set East! 
174 Ir 12 true xr knot per 
Dev.— 7 12 12 hour fortheday. 





167 
Var. + 18 


S. 5° W. = 185° 
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Example 7— continued. 


43) N 54° W = 306? 
Leeway + 8 
Dev. + 10 

Var. + 18 


N. 18° W. = 342° 


(4) N 34° W = 326° 
Leeway + 6 
Dev. + 8 

Var. + 22 


N 2°E. + 362° 


(5) 5. 68° W.= 248° 
Dev. + 18 
Var. + 22 


N 72° W. = 288° 
46) N 90° E. 














Lat left 56° 31'S Long left 68° 43° W. Course and dist. by 
45 N. 2 18 W inspection N 60° W. 
Lat in 55 46 $ Long. in 71 o8 w. Dist. 8g mules. . 
27132 97 
Mid lat. 56 8% 
o 


To find d. long.— . 
D. long = dep. x sec. Mid. lat. e 


dep. 77' log. 1°8865 
Mid lat. 56 8% SEC. 10°2540 
1382 log. "2°1405 








D. long. 2° 18'"'2 W. 


To find the course— 
Tan. course = log. dep. + 10 — log. d tat. 





Dep 77° log 11-8865 
D Jat. 44:7 log 1+6503 
Course N. 59°52’ W Tan © 10-2362 B 


To find the distance— 
Dist. < d. lat. x sec. course 
D. Lat. 44:7 log 1:6503 

Co 59° 52° sec. 0°2993 





Dist 89-05 m log 13-9466 
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Example 8.— 
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Courses. 


N.E. ¢N. 


‘ENE. 2E. 


~ 


S.W.32W. 
10 
r |S. byE. $E. 


N. 2 E. 


IN. by W.EW. 


™ 
0 WD ODO GNI AU AY OHO OW O MO DHMH 


I 
o 





T | Winde | pee: Dev. | Remarks. 
ae | Pts { 
3| ESE + 214° E.' Point of Departure— 
8 | Lat. 49° 42’S. 
6 Long 178°42’ E. 
8 
o: North 4. 15° E. 
: | 
2 | 
6 | 
° SS.E. | } 15° W. 
8 ; 
8 ' ; Variation 14° 15’ E 
4 ' | 
8 East 7 134° W! 
8 ' 
8 
6 | 
8] E.byN. | 3 | 18° E.| Position by observation— 
8 Lat. 49° 15'S. 
8 \ Long. 178° 54’ W. 
6 
o |N.E. by E, 31! 12° E.) Find the set and drift. 
8 
‘ | 
4 














Ans, D. lat. 17:2 N.; dep. 66°9’; Course N. 753° E., dist. 69 m.; 
lat. in 49° 24°8’ S.; long. in 179° 35’ W.; Set N. 70° E., drift 28 m. 


Example 9.— 





0 ON OOO BM OMOYVNBYYWWYO OY VY OHO 





Remarks. 


Departure taken from a point 
of land in 
» Lat. 60° 18’ N., 
Long. 172° 4’ W. 
bearing by compass E.N.E,, 
distant 12 miles. 
Ship's head S.S.W. with dev. 
as per Table, p. 339. 


Variation 20° E. 


aa 
Use Deviation Table, page 339. 


A current set W. by S., cor- 
rect magnetic 30 miles, from 
the time the departure was 
taken to the end of the day. 


ROMNONMOOMNOOAAMDHMHAADH 


Ans. D. lat. 30°9' S. ; dep. 1579" W.; Course S. 79? W. dist. r6r m.3 
lat. in 59° 47’ N.; long. in 177° 20 Ww. 
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Example 10.— 


| Compass | 
| Error. 


P.M. F 

At noon the ship was in 
Lat. 37° 20’ S. 
Long. 177° 15’ E. 


OOM AuUtWH 


” 
3 


Variation 19° E, 


AM. 


A current set cor. mag. South 
20 miles after 4 a.m. 


mm mH 
RH OO OY OQUNAW NSD 





Ans. D. lat. 13270’ N.; dep. 397°7’ E.; course N. 72° E., dist. 418 m. ; 
lat. in 35° 8’ S.; long. in 174° 32’ W. 


Example 11.— 





BR. Couraca. K. | om, | Wind. | Dey. Remarks. 





S.W. 15° W. | P.m. Point of Departure— 
Lat. 49° 58’ N. 
Long. 10° 12’ W. 


N. 87° W. 15: 
10 15 


S.W. 17° E. 


Variation 23° W. during the first 
12 hours, and afterwards 25° W. 
Position by observation— 
Lat. 51° 30°28’ N. 
Long. 14° 20’ W. 
| Find the set and drift of the 
current. 


uw | Juuuuuuny | | | lawGauwaan 





SC 

Ans. D. lat. 69°2’ N.; dep. 149°0’ W. ; Course N. 65° W., dist. 164 m.; 
lat. in 51° 7° N.; long. in 14° 6’ W.: Set N. 2x° W., drift 24°5 m. by 
inspection. 
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DEVIATION’ CARD. 








Suip’s HEAD BY ComMPass. Surp’s HEAD MAGNETIC. 
Compass. ees Deviation. | compass Compass, | paintion. 
° 
° North, 7 7 W. ° North. 4 W. 
ro N. 10 E, 1 E. Io N. 10 E. ° 
20 | N. 20 E. 6 E. 20 N. 20 E. 4 E. 
30 | N. 30E. 11 E. 30 N. 30 E. 7 E. 
40 N. 4o E. 16 E. 40 N. 40 E. Ir E. 
50 N. 50 E. 19 E. 50 N. 50 E. 14 E. 
6o N. 50 E. 22 E. 60 N. 60 E. 17 E. 
70 N. 70 E. 25 E. 70 N. 70 E. 20 E. 
80 | N. 80 £. 27 E. 80 N. 80 E. 22 E, 
go East. 25 E. go East, 24 E. 
100 S. 80 E. 24 E. 100 S. 80 E. 25 E. 
IIo S. 70 E. 23 E. 1rIO S. 70 E. 25 E. 
120 S. 60 E. 20 E. I20 S. 60 E. 24 E. 
130 S. 50 E. 18 E. 130 S. 50 E. 22 E, 
I40 S. 40 E. 16 E. 140 S. 40 E. 1g E. 
150 S. 30 E. 14 E. 150 S. 30 E. 18 E. 
160 S. 20 E. TIVE, 160 S. 20 E. 15 E. 
170 S. 10 E. 8 E. 170 S.r0:E. wk. 
180 South. 6 _E. 180 South. 8 E. 
190 S. 10 W, 3 E. 190 S. 10 W. 4 E. 
200 S. 20 W. 1W. 200 S. 20 W. ° 
210 S. 30 W. 4a We 210 S. 30 W. 5W 
220 S. 40 W. 7 WwW. 220 S. 40 W. Ir W 
230 S. 50 W. mr W. 230 S. 50 W. 7 W 
240 S. 60 W. 15 W. 240 S. 60 W. 23 W 
250 S. 70 W. 1g W. 250 |- S. 70 W. 27 W 
200 S. 80 W. | 22 W. 260 S. 80 W. 29 W 
270 West. 26 W. 270 West. 36 W 
280 N. 80 W. 28 W. 280 N. 80 W. 28 W 
290 N. 70 W. 29g W. 290 N, 70 W. 26 W 
300 N. 60 W. 29 W. 300 N. 60 W. 24 W 
310 | N. 50 W. 2g W. 310 N. 50 W 21 W 
320 N 4o W 25 W 320 N 4oW 19 W 
330 | x 30 W. ar W. 330 N. 30 W. 16 W. 
340 | . 20 W. 17 W. 340 N. 20 W. 12 W. 
350 x ro W. 12 W. 350 N. 10 W. 9g W. 
360 North. fees ee ae oa 2 ke een || 7 W. 360 North. 4 W. 





N.B.—For examination purposes it ETC Same Ne ne en be better to work to seconds of 
arc in latitude and longitude, and not to the nearest mile as in the above 
exaniples, as it might throw the answer outside the 13 miles margin allowed. 


———— 





FINDING THE LATITUDE 


The latitude of a place on the earth's surface, being its distance from 
the equator, either north or south, is measured by an are of a meridian 
contained between the zenith and the equinoctial, the zenith and the 
equinoctial corresponding on the celestial sphere to the position of the place 
and the equator upon the ferresirial sphere ; hence, if the distance of any 
heavenly body from the zenith when on the meridian, and its declination, 
to the northward or southward of the equinoctial, be known, the latitude 
may thence be found. 

The latitude of a place may also be defined as the declination of the 
zenith, and is equal to the altitude of the pole above the horizon of the 

lace. 

e The best and most simple method of finding the latitude at sea is from 
an observed altitude of a heavenly body when on the meridian. From the 
altitude the zenith distance (go°—alt.) is known, and the object’s declina- 
tion being found from the Nautical Almanac, and corrected for Greenwich 
ay parent time, the distance of the object both from the zenith and equinoctial 
is also known ; consequently the distance of the zenith from the equinoctial 
—which is the distance of the observer from the equator—is at once 
determined. 

The way in which the latitude of the place of observation is deduced 
from the meridian altitude and declination of a heavenly body is readily 
seen as follows : 

In fig. 1 the circle is the meridian of the Zs” 
observer; H H’ his rational horizon ; and So 
Zhis zenith; E Q is the celestial equator EX” 






(1) Taking S to be the place of the sun 
on the meridian ; H S is the sun’s altitude, 
name, both north of the equator— 
EZ= ES 4+ SZ, or Lat.= zen. dist. + decl. 


‘~~ p 

or equinoctial; and P the elevated pole, S ‘ 

supposed, in this case, the orth pole ; also Ss 

E Z is the latitude of the zenith, and a 

hence of the observer. a 7, 

bearing in this case south; and S Z his >a 

zenith distance; which is N., because the AP ge 

sun bears south; also ES is the sun’s N. * 

declination, measured from the equator or Fig. 1 

at E; then, since the zenith distance and declination are of the same 
(2) When S’ is the place of the sun, then E S’ is the sun’s declination 

south of the equator; H S’ is the altitude, and S’ Z the zenith distance 

north; hence zenith distance and declination being of contrary names— 
EZ=S Z—E/S*, or Lat. = zenith distance — declination. 
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(3) With the sun between the zenith (Z) and the pole (P), then H’ S’* 
is the altitude, 


and, EZ =ES’”’—S’’Z; orLat. = declination — zenith distance. 


Thus far the object observed has been taken as above the pole; but in 
certain cases the object may be delow the pole; and now we must first 
show that the elevation of the pole above the horizon of any place is always 
equal to the latitude of that place— 


EZ = Lat.; alsoZ H’ = E P, each being a quadrant ; 
o, EZ+Z2P=Z2P+PH’ 
taking away Z P (the co-latitude) from each side of the equation, 
then (Lat.) E Z = P H’, the elevation of the pole. 


Also, for latitude by the meridian altitude of an object below the pole: 
let S” be the object below the pole ; then H’ S’ is its meridian altitude, and 
S” P is its co-declination or polar distance therefore 


PH’ =H’S’+S’P 
i.e. Latitude (or the elevation of the pole)= altitude + polar distance. 


It is here assumed that the north pole is the elevated one ; hence for the 
southern hemisphere write south for north, and north for south, and the illus- 
trations remain the same. . 


The same may be illustrated in the following manner— 


In fig. 2 the ‘circle is the rational horizon, 
N ZS the meridian, and Z the zenith of the 


N 
observer and W Q E the equinoctial ; then ZQ 
is the latitude, being the distance of the ob- 
server's zenith from the equinoctial. 
(x) Taking X to be the place of the sun * } 
on the meridian, S X is the sun’s altitude z JE 
(bearing in this case south), and Z X his 
zenith distance, which is N. because the Pit x 
sun bears south ; also Q X is the sun’s N. a 

declination measured from the equinoctial Pees it 
at Q. Then M 


ZQ=2Z2X%+QX or Lat. = zenith Fig.2 
distance -++ declination, 


— 


the rule when zenith distance and declination have the same name (in this 
case both being north). The latitude is also north, because Z is north of Q. 


(2) When X’ is the place of the sun, then Q Xx’ is the sun's declination 
south, S X’ the altitude also south and Z X’ the zenith distance north. Then 


ZQ=ZX'— Q X’ or latitude = zenith distance — declination. 
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the rule when zenith distance and declination have different names. The 
latitude is north, because Z is north of Q. 


(3) With the sun’s place North of Z, then Z Q or latitude = declination 
— zenith distance. 


When the observer’s position remains stationary, the meridian altitude 
of a fixed star is its greatest altitude ; but, as the sun, moon, and planets 
constantly change their declination, their greatest altitudes may be reached 
either before or after the meridian passage. In like manner, if the obser- 
ver's position is rapidly changing in latitude, then also the greatest alti- 
tude of any heavenly body may not be the meridian altitude. 


Latitude by the Meridian Altitude of the Sun 


It is near, but rarely exactly, noon when the sun’s meridian altitude is. 
observed, because, if approaching him, you continue to raise the altitude 
after he has actually dipped and passed the meridian, hence it may be from 
I to 3 or 4 minutes past noon p.m.; on the same principle, when receding 
from the sun he appears to dip before he comes to the meridian, and the 
sight may be observed a minute or more before noon a.m. 


When the sun is approaching the meridian, for a quarter of an hour 
or so before noon continue to observe the altitude, using the tangent 
screw, until it is found to decrease or dip; the greatest altitude attained 
is the meridian altitude. 


In the case of a heavy sea the depression of the horizon is constantly 
changing, and it is therefore impossible to keep the sun’s image in con- 
stant contact with the horizon. Having, then, the watch set to the time 
of apparent noon from the a.m. observation for time and the run of the ship 
in the interval, observe and read off separate altitudes in quick succession 
until they begin to decrease. The greatest is then taken as the meridian 
altitude, or, more accurately, the mean of the greatest. 


RvuLe.—1. For apparent time at Greenwich. To apparent time at ship, 
t.e.,oh.om. os., apply the longitude in time, adding if longitude is west, but 
subtracting if longitude is east, putting the date back one day in east 
longitude. 


2. Take the sun’s declination (Nautical Almanac, p. I. of month) and 
correct it by the “‘ Var. in r h.’’ (Nautical Almanac, p. I.), always working 
from the nearest noon, i.e., multiplying the ‘‘ Var. in rth.” by the hours. 
and decimal of an hour of the longitude in time. 


(Declination increasing, add the correction. 


In West longitude \ Declination decreasing, subtract the correction. 


(Declination increasing, subtract the correction. 


In East longitude 1 Declination decreasing, add the correction. 


3. Correct the observed altitude of the sun in the following order: index 
+LL. 
-TL 
refraction—(Mean Refr. Table) ; and parallax + (Table of Par. in Alt.) ; the 
application of these quantities gives the érue altitude of the sun’s centre. 


error— ; dip—(Table of Dip); semi-diameter (Nautical Almanac) 
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N.B.—If you use the sun's correction (Sun‘s Corr. Table), it combines 
refraction and parallax. 


4. For the zenith distance, subtract the true altitude from 90°, which 
name N. or S., contrary to the bearing of the sun. 


It is well to remember that if the zenith (the point over the observer's 
head) is north of the object obserucd, the zenith distance is N.; if south of 
the object, the zenith distance is S. The observer and his zenith have 
always the same name, N. or S. 


5. For the latitude -—Add the zenith distance and corrected declina- 
tion together when they are both N. or both S. ; the result will be the latitude 
of same name as both ; but subtract the less from the greater when they are 
of contrary names (7.e., one N. and theother S.), and the result will be the 
LATITUDE of the same name as the greater. 


Obs.—Should the declination be 0, the zenith distance- is the latitude. 
Should the zenith distance be o, the declination is the latitude. An altitude 
can never exceed go° unless by some great error in the sextant. 


Brief Rule for Sca-Use.—At sea you will adopt a shorter method of 
finding the latitude ; but there is no necessity to guess or estimate corrections 
when you have in your Epitome, ‘‘ Sun's Total Corr.” Table for the correction 
of the altitude; the correction is taken out by i#spection and without any 
trotible, but pay strict attention to the precepts at the top or bottom of the 
Table. Two examples will show how close this short method comes to the 
rigorous one; but never adopt the absurd and often very erroneous method 
of subtracting the observed altitude from Sg° 48’ to get the zenith distance ; 
it is ircquently very uztrue. 


If the horizon under the sun is obstructed by land, take the dip from 
Table of Dip at dfiessnt distances from the observer. 


1. Take the sun's declination (Nautical Almanac, p. I.), and correct it 
for the longitude, carefully noting its name, N. or S. 


2. To the observed altitude of the sun’s lower limb, apply the tudex 
error of the sextant + or —, and the correction from ‘‘ Sun's Total Corr.” 
Table (an upper Limb observation cannot be worked by it); this gives the 
iruc altitude of the sun's centre. 


3. Subtract the true altitude from 90°, and finish off the calculation as 
explained in paragraphs 4 and 5. 


To draw che figure for latitude by meridian altitude to scale.—With the 
chord of 60° describe the circle N WS Eto represent the rational horizon. 
Draw the diameter W Z E and it will represent the prime vertical, and at 
right angles to W Z E draw N ZS, the observer’s meridian. To draw the 
equinoctial take in the compasses the secant of the co-latitude, and with one 
leg on E. or W. cut the meridian, or mcridian extended, with the other leg, 
and the point reached will be the centre of the equinoctial, which draw and 
mark Q. ‘Yo draw the parallel of declination lay off from Z in the direction 
of the clevated pole the semi-tangent of the sum of co-latitude and polar 
distance; also lay off from Zin the direction of the object the semi-tangent 
of the difference of the polar di: (ance and co-latitude ; bisect tis line and 





FINDING THE LATITUDE 367 


the centre of the line will be the centre from which to draw the parallel of 
declination with half the length of the bisected line as radius. To locate 


the pole take the semi- 


tangent of the co-latitude in the compasses, and with 


one leg on Z the other leg will find the pole, to the north of Zin N. latitude, 
to the south of Zin S. latitude ; mark this point P, and the figure is complete. 

Example.—May roth, 1890, in longitude rr4° 3’ W., the observed altitude 
of the sun’s lower limb was 67° r4’ 20” bearing south ; index error + 1’ 20” ;. 


height of eye 20 feet ; 


required the latitude. 


e ‘ 


D. i. M. s. 
App. T. at Ship 10 0 oO oO Long. «14 3 W. 
Long.in Time + 7 36 12 4 
App. T. Green. 10 7 36 12 6,0) 45,6 12 
Long. in time 7h. 36m. ras. 
Dec. (N.A. p. L May rod.) 17 40 54N. 
Corr, + 4 57 


Hly. Var. 39:c9” 
76 





Corr. Dec. 17 45 52 N. 








60')297-084 
4' 57" *. 

Obs. Alt. Sun's lower limb 67°rq’20" S. 

Short Sea Method Index Error + 1 20 

S 5 67 15 40 

Obs. Alt. 67 r4-3 5S. Dip — 423 

f LE. + 13 App. Alt. L.L. 67 11 17 

Sun’s Total Corr. + 11-0 Sun's S.D. (N.A.p. IL) + 15 52 

True Alt. 67 26-6 App. Alt.Sun'scentre 6727 9 

go oo Refraction — 24 

Zen. Dist. 22 33:4 .N. 67 26 45 

Corr. Decl. 17 45:7 N. Parallax in Alt. + 3 
Latitude yo 191 N, True Alt. Sun’scentre 67 26 48S. 

go 


Explanation of Figurz 


NWSE Rational horizon, 
WZE Prime vertical. 
WQE Equinoctial. 

dd Parallel decl. 

P Pole. 

Zz Zenith. 

xX Sun. 

OX Sun’s decl. 

OZ Latitude. 

XS Altitude 

ZX Zen. Dist 
QX+ZX=QZ.-. lat. = Zen. Dist. + Decl. 





Zen. Dist. 22 33 12N. 
Corr. Declination 17 45 51 N. 


Latitude 4019 3N. 
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_Example.—September 23rd, 18go, in longitude 168° 19’ E., the observed 
altitude of the sun’s wpper limb was 88° 59’ 20” bearing north; height of 
eye 18 feet, index error—2’ 10”; required the latitude. 


D. H NM. s. 
App. T. at Ship, Sept. 23 0 oO 0o 
Long. in Time Ir 13 I6E. 


App. T.Gr. 22 12 46 44 


Long.168°19’=1rh. 13m.16s.=11-2h. Obs. Alt. Sun's up. limb 88° 59’ 20°N. 


Index Error — 2 10 

; : 88 57 xo 

Dec. (N. A. p. I. Sept. 23d). 0° 9'16"S. Dip. of horizon — 4 9 
Var.in 1h.58"-48 x 14-2h.=—10 55 * App. Alt. Sun’s U.L. 88 53. I 


Corr. Declination o 1 39 N.Sun’s semi-diam.(N.A.p.II.)— 15 59 
App. Alt. Sun’s centre 88 37. 2 





Ind. Dip HY . 2 ¢ Sun’s corr. — I 
Corr, — I True Alt. Sun’s centre 88 37 1 N. 
Semi-diam. — 15 59 go 
Total corr. — 22 19 - Zen. Dist. 1 2259 S. 
Obs. alt. 88° 59 20N. Corr. Declination o 1 39 N. 
88 37 1 Latitude x 2r 2o S. 
go 
Zen. dist. x 22 59S. 
Decl. oF & 39N. 
Lat. xr 21 20S 


* The correction being subtractive and greater than the declination, take 
the declination from the correction, and change the name from S. to N. 


{ The sun's correction combines refraction and parallax. 


Examples for Practice 


The following examples for practice are all worked by the rigorous 
method— 


Example 1.—-October 11th, 1890 ; in longitude 18° 2’ W. ; the observed 
meridian altitude of the Sux’s lower limb being 26° 53’ 10”, bearing south of 
the observer; the height of the eye 17 feet; and the index error of the 
sextant 2’ 40” to subtract ; find the latitude. 


Ans. Decl. 7° 7’ 34” S.3 Lat. 55° 51’ 38” N. 


Example 2.—April 3rd, 1890; in longitude 20° 59’ E.; the observed 
meridian altitude of the Sun’s lower limb being 60° 22’ south of observer ; 
height of eye 21 feet ; and the index error of the sextant 2’ 48” to add; 
find the latitude. 

Ans. Decl. 5° 22’ 58” N.; Lat. 34° 47’ 7" N. 
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Example 3.—August 30th, 1890 ; in longitude 129° 15’ W. ; the meridian 
altitude of the Sun’s lower limb was 57° 18’ 30”, the eieenver being north 
of the sun; the height of his eye 18 feet; and index error 0’ 45” +; 
required the latitude. 


Ans. Decl. 8° 48’ 32” N. ; Lat. 41° 18’ 5” N. 


Example 4.—December 3rd. 1890 ; in longitude 63° 18’ E. ; the meridian 
altitude of the Sux’s lower limb was 64° 45’ 15” north of the observer ; the 
height of his eye being 20 feet ; and index error 1’ 10” to subtract ; required 
the latitude. 


Ans. Decl. 22° 7’ 30" S.; Lat. 47° rr’ 55” 


Example 5.—March 2oth, 1890 ; in longitude ror° 30’ W. ; the meridian 
aititude of the Sun’s lower limb was 89° 42’ 40” north of the observer ; 
the height of his eye being 22 feet; and the index error 2’ 24” to add; 
required the latitude. : 


Ans. Decl. 0° 3’ 10” N.; Lat. 0° o’ 18” S. 


Example 6.—September 23rd, 1890; in longitude 168° ro’ E.; the 
meridian altitude of the SuN’s lower limb was 84° 48’ 50", the zenith being 
south of the sun; the height of the observer’s eye 24 feet ; and the index 
error 0’ 40” to subtract ; required the latitude. 


Ans. Decl. 0° 1’ 39” N.; Lat. 4° 59’ 4” S. 


Example 7.—January 15th, 1890; in longitude 149° 50’ E.; the 
meridian altitude of the Sun’s upper limb was 33° 14’ 55”, the observer 
being north of the sun; the height of his eye 14 fest; and the error 
of the instrument 2’ 30” to add ; required the latitude. 


Ans. Decl. 21° 9’ 20” S.; Lat. 35° 54’ 33” N. 


Example 8.—March toth, 1890; in longitude 89° 30’ W.; the meridian 
altitude of the Sun's lower limb was 14° 28’ 35” S.; the height of the eye 
being 30 feet ; the distance of the Jand under the sun 1} miles; and the 
index error 1’ 15” to add ; required the latitude. 


Ans. Decl. 3° 54’ 16° S.; Lat. 71° 37’ 19” N. 


Latitude by the Meridian Altitude of a Fixed Star 


RuLE.—Take out the star's declination from the “ Apparent Places 
of Stars"’ in the Nautical Almanac, if it is at hand, as it saves time and 
calculation. 


To the observed altitude of the star apply the index error, if any; then 
subtract the dip and refraction (or subtract the correction taken from “ Total 
Star’s Correction” Table), and the remainder will be the star’s érue altitude. 


For the zenith distance subtract the true altitude from 90°, to be called 
north or south according as the observer is north or south of the star at the 
ume of observation. 
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For the Latitude—If the zenith distance and declination be both N. or 
both S., add them together; the result will be the latitude of same name as 
both ; but if one be N. and the other S., subtract the less from the greater, 
and the difference will be the latitude of the same name as the greater. 

Example.—July 16th, 1890; about 3 o’clock in the morning, the meridian 
altitude of the star Fomalhaut (a Piscis Aust.) was 73° 36’ south of the 
observer, the height of his eye being 24 feet, and index error 1’ 40” to add ; 
required the latitude. 


Obs. alt. of Fomalhaut 73°36’ 07S. 
Indexerror + I _40 
73 37 40° 
Star’scorr.= — 5 0 
True alt. of Fomalhaut 73 32 40 
go 


Zenith distance 16 27 20 N. 
Star’sdecl.(N.A.) 30 12 45. 


Latitude 13 44 44S. 





Explanation of fig. same as fig. 3. 
QX—ZX=QZ = the latitude, 


or 
Latitude = Dec. — Zen. Dist. 


Examples for Practice 

Example 1.—April 6th, 1890 ; the meridian altitude of the star Regulus 
(a Leonis) was 50° 14’ 20") south of the observer, the height of his eye being 
18 feet, and index error 1’ 15” to add ; required the latitude. 

Aus. Lat. 52° 19’ 367 N. 

Example 2.—December 26th, 1890; the meridian altitude of the star Sirius 
(« Canis Majoris) was 36° 28’ 30”, the observer being north of the star, the 
height of his eye 16 feet, and index error —o’ 45”; required the latitude. 

Ans. Lat. 37° 3/27" N. 


Example 3.—March 25th, 1890 ; the meridian altitude of the star Antares 
(« Scorpii) was 71° 49’ 45” N., the height of the eye being 22 feet, and the 
index error of the instrument +2’ 10”; required the latitude. 

Ans. Lat. 44° 24’ 13”S. 


Latitude by the Meridian Altitude of a Planet 
Under the head of the given planet (in Nautical Almanac under ‘‘ Mean 
Time’) you will find the time of the meridian passage at Greenwich, 
which will only differ from the time of transit at ship by a few minutes; 
but you do not require this for the correction of the declination. 
Rure.—x. Convert the longitude into time. 


2. Take the declination from the Nautical Almanac (for ast. date), 
under the heading “ At transit at Greenwich,” and correct it for the longi- 
tude in time, by the “* Var. of Dec. in x Hour of Long.” 

Correcting the declination by the‘ Var. in Dec.” given in the Nautical 
Almanac, you apply the correction as for the Sun. ‘ 





FINDING THE LATITUDE 371 


3. The horizontal parallax and semi-diameter are also given in Nautical 
Almanac under “ transit at Greenwich.” 


4. Correct the planet’s altitude as follows :—Index error © dip = 
Tefraction —, parallax in altitude (Table of Parallax for Pianets) + 


5. Subtract the true altitude from go°, and name the zenith distance 
N. or S., contrary to the planet's bearing. 


6. For the Latitude.—If the zenith distance and declination be both 
N., or both S., add them together for latitude of same name as both; but if 
one be N. and the other S. subtract the less from the greater, and the differ- 
ence will be the latitude of the same name as the greater. 


Example.—February 21st, 1890, at about 5h. 30m. a.m. at ship, im 
longitude 109° 45’ E., suppose the meridian altitude of the planet Mars 
(centre) to be 62° 47’ 40", the observer being south of the planet, and the 
height of his eye 18 feet, with the index error 1’r0” to add; required the 
latitude. 


The ship time being a.m. the data must be taken from the Naut. Alm., p. 278, on Feb. 
2oth, the astronomical day. 


Long. ro9° 45’ in time=7h. 19m. E. Obs. Meridian Alt. of Mars. 62° 47’ 40°N. 
Var. in rh. of long. 17° ‘ Index error + 1 Io 








Lie a G Pipot hoviadn os e 5 

11g Apparent alt.of Mars 62 44 41 

6,0)12,4°L Refraction — 29 

"Del ATS 18° 9°34'S. Parallax in alt. for Planets s * "A 
Corr. decl. 18 7335. True alt. of Mars = 44 16 


Zen. dist. 27 15 44S. 
Decl. at time of transit 18 7 335. 


Latitude 45 23 175. 





Explanation of Figure, 
NWSE _ Rational horizon. 


NZS Observer’s mer. 
WQE Equinoctial. 

Z Zenith of observer. 
x Planet. 

XN Mer. Alt. 

ZX Zen. Dist. 

QZ Lat. 


QZ=ZX + QX or Lat. = Zen. dist. + Dec. 
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Examples for Practice 


Example 1.—January 1st, 1890, at about gh. 35m. a.m. at ship, in 
longitude 25° 30’ W., suppose the meridian altitude of the planet Venus 
(centre) to be 46° 38’ 30” S., the height of the observer's eye being 24 feet, 
with index error I’ 25” to subtract ; required. the latitude. 


Ans. Lat. 26° 38’ 58” N. 


Example 2.—September 12th, 1890, p.m. at ship, in longitude 36° E., sup- 
pose the meridian altitude of the planet Jupiter (centre) to be 26° 44’ 35"S., 
the height of the observer's eye 18 feet, and the index error of the sextant 
1‘ 20” toadd ; required the latitude. 


Ans. Lat. 42° 59° 13” N. 


Example 3.—March 6th, 1890, p.m. at ship, in longitude 50° W., suppose 
the meridian altitude of the planet Saturn (centre) to be 53° 22’, the 
observer being north of the planet, and the height of his eye zo teet, with 
index error of the sextant 1’ 10” to subtract ; required the latitude. 


Ans. Lat. 50° 5’ 45" N. 


Latitude by the Meridian Altitude of the Moon 


Rute 1.—From page IV. of the month in the Nautical Almanac find 
the mean time of the moon’s passing the meridian of Greenwich on the astro- 
nomical day, which reduce to the time of the meridian passage at ship 
(see p.245 ). Then, with this time and the ship’s longitude, find the 
corresponding Greenwich mean time. 


2. From pages V. to XIJ. of the month in the Nautical Almanac find 
the moon’s declination, and reduce it to the mean time at Greenwich by the 
variation” in tom. given with it in the Nautical Almanac. 


3. From page IJ. of the month in the Nautical Almanac take out the 
moon's semi-diameter and horizontal parallax, and reduce them to the 
mean time at Greenwich; to the semi-diameter apply the augmentation, 
from Table D; also reduce the horizontal parallax by Table E. 


4. From the observed altitude (corrected for index error, if any) sub- 
tract the dip, and to the remainder add the moon’s augmented semi- 
diameter, when the lower limb is observed, or subtract it if the upper limb 
be taken ; the result will be the apparent altitude of the moon’s centre, 
from which subtract the refraction ; and then add the parallax in altitude; 
the result will be the évwe altitude of the moon’s centre. : 


5. Finally, for the zenith distance and the latitude, proceed as for the 
sun, . 

N.B.—This is the rigorous Rule ; but this precision is unnecessary for 
sea purposes ; therefore proceed as follows : 


Brief Rule for Sea-Use——Reduce the time of the Greenwich meridian 
passage by Table “ Correction of Moon's Meridian Passage " for time of 
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meridian passage at ship, to which apply the longitude in time, for the 
Greenwich date. * 

Correct the Moon’s declination for Greenwich mean time. 

Estimate approximately the semi-diameter, and horizontal parallax, 
from Nautical Almanac, p. HI. 

From the observed, find the true altitude in the usual way, using Moon’s 
Correction Table for the joint effect of parallax and refraction ; then— 

For zenith distance and latitude, proceed as for the sun. 

Example.—January 27th, 1890; p.m. at ship; latitude by dead reckon- 
ing 49°; long. 31° 30’ W.; the meridian altitude of the Moon’s lower limb 
being 50° 20’ 30” south of the observer ; height of eye 23 feet ; required 
the latitude. 


H. M. 
Mer, Pass. 27th “5 553 
an » 28th 6 40-7 } Mer. pass. on ast. date and following date because the long. 
——_—— f is West. 
Daily var. or interval o 45-4! Bese 
. Daily var. 45:4m. X 2-1 
Long. 31° 30’ W. = 2b. 6m. = 2-rh. 24 mi ArOnA career er ene: 
aL oM. 
(N A., p. ]V.) moon's mer. sips 5 583 Moon's decl. at 8h. 10° 4’ 297-4 N. 
at Gr. Jan. 27 a Var.in im, | +1 o1yg 


Corr. for long. W. + 40° 11°68 x 53) a ete Mes 


@’s mer. pass atship 5 59°3 Corr, decl, ro 5 31 3N. 


Long. in time W. +2 6 
M.T. at Green. Jan. 27d. 8 53 








23°°8 x Or ; Obs. alt. moon's L.L. 50° 20’ 30°S 
12 = 16°%-r corr. of @'s hor. par. Dip — 4 42 
(NLA. p. 111.) @‘s hor. par., noon 56’ 237-5 a App. at. L.L. 50 15 48 
Corr, for 81h. — 16-1 : Semi-diam. + 15 31 
56 74 , App. alt. centre 50 31 19 

Reduction (Tab. E.) — 6-3 Refraction — 48. 
@’s reduced hor. par. 56 1 ‘1 P.L. "5070 50 30 «#31 
Alt. 50°30}’ sec. -1966 Par. in alt. + 35 37 

Par. in alt. 35°37” P.L, +7036 d's true alt. 51 6 85S. 

9° 


Zen. dist. 38 53 52N. 
. Decl. 10 5 31N. 


6M5 x Br 4°-4 corr, of @’s semi-diam. fence 
os . ° Latitude 48 59 23. 
(N.A. p. 111.) @’ssemi-diam. at noon 15’ 23°°5 
Corr, for 8th. — 4 4 
15 19 °% 


Augmentation (Table D.) + 11:6 
@'s augmented semi-diam. 15 30 -7 
Z>+Q>=QZ =the latitude 


or 
Lat.= Dec.+ Zen. dist. 


Explanation of fig. is the same as Fig. 3. 
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Or briefly thus— 











Dp oR. M. 

Dec. at 8h. 10° 4/2974 N. Moon's mer. pass.at Gr. Jan. 27 § 55. 

oe gh. 10 16 8°-5N. Corr. for long. 4 

Diff. in rh. Il 39 prop.log.o-7118 MLT. mer. pass. at ship 5 59 
Minutes after 8h. 5 prop. log. 10792 Long. in time 2 6 
Correction + 58” prop. log. 1-7910 M.T. at Gr. Jan.27 8 5 


Moon's decl. 10 4 29N. 
@'scorr.decl. ro 5 27N. 


Mean between noon and midnight 
H.P. 56’ 11” and semi-diam. 15’ 20° 


Moon's obs. alt. 50° 20°5 
Dip. — 4’-7! 
Semi-diam. + 15-3) 
Moons corr, + 34:8 
Tre alt. 51 59 & 
go 
Zen. dist. 38 54:1 N. 
Decl. 10 5-4N. 
Lat. 48 59:5N. - 


+ 106 





N.B.—No brief table for the moon, similar to that for the sun’s oorrec- 
tion of altitude) embracing dip, semi-diameter, refraction and parallax) would 
be of any value, unless it extended over many pages, and even then 
interpolation would be necessary. But the brief form of the problem, 


as here given, will generally be found sufficiently accurate for sea-use. _ 


When the moon is near the equator the rate of change in the declination 


is so rapid that it is improbable you get the meridian altitude. 


In cloudy weather the dark shadows projected on the water beneath the 


moon render the place of the horizon uncertain ; in clear weather the upper 


edge of the illuminated part of the sea is the horizon. 


Example.—February 28th, 1890; p.m, at ship; lat. by D.R. 38° 30’; 
jong. 61° 30’ E.; the meridian altitude of the Moon’s lower limb being 
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27° s/ 30", observer south of moon; index error 1’ 30” to subtract; eye 
26 feet ; required the latitude. 


Mer. Pass. 28th 7 46:2 : : 
ae « 27th 6 37° } Mer. pass. on ast. date and preceding date because long. 


Daily var. or interval 0 49-2 is East: 


Long. 61° 30’ E. = gh. 6m. = 4-th (N.A.) moon’s decl., } 
at 3h. (Feb. 28) J 
Var. in 1m. ; } 
= 84m. corr. for long. 21x 318] 


23° 35° 38°4N. 
Daily var.49:2m. x 4:1 whe + 643 
24 —___— 

| * Corr, declh. 23 36 45 -2N. 


HM. 
(N.A. p. IV.) moon’s mer. pass. ) ‘ “ 
at Gr. Feb. 28 J 7 462 Ops. alt. moon’s L.L. 27° 5’ 30°N. 


Corr. for long. E. — 8-4 Ind. err. — 1 30 


Moon's mer. pass. at ship 7 37°8 _ 27° 4. a 
Long. in time E: 4 6 ' ‘Dip — 5 a 


M.T. at Green. Feb. 28 3 31-8 App. alt. L.L. 26 59 0 3 
Semi-diam. + 14 55 ‘ 


App. alt.centre 27 13 55 





197K 3°5 Refraction — I 51% 
= os corr. of (’s semi-diam. . agoaas 
(N.A.p.II].)moon’s semi-diam. 11) .o0., Paria alts je 48-2 
| ataéon i 12 Moon's true alt. 28 o 25N. 
Corr. for 35h. — 0°5 ' go 
14 48-6 : Zen. dist. 61 59 45S. 
Augmentation (TableD.) + 6°5 , Decl. 23 36 45N. 
Moon's augmented semi-diam. 14 55 “I Latitude 38 23 0S. 


6°. xz 
nS X35 Lag corr, of hor. par. 
12 

(N.A. p. ITI.) moo.x’s hor. | ihe: 

par. at noon s aE Tat 

Cor. for 3-5b. — 1°9 

5435 °5 

° Reduction (Table E.) — 4:1 
Moon's reduced hor. par. 54 11 -4 P.L. -5§214 
Alt. 27° 12’ sec. -0509 


Par. in alt. 48’ 11° P.L. +5723 





Explanation of Figure 
q N= Altitude. QZ=PS = Latitué: ¢ 
@ Q= Declination. Lat. = Zen. dist. — Ly.‘ .a.ion. 


The other parts of the fig. are the same as explaii-. 1 Fig. 3. 


\ 


376 FINDING THE LATITUDE 


Examples for Practice 


Example 1—June 28th, 1890; lat. by D.R. 51°; long. 105° 46’ W.: 
the observed meridian altitude of the Moon’s lower limb being 53° 10’ bear- 
ing north ; height of eye 20 feet ; required the latitude. 


Ans. Lat. 52° 13’ 35” S. 


Example 2.—September 28th, 1890 ; lat. by D-R. 32°; long. 178° 30’ E. 3 
the obseryed meridian altitude of the Moon’s lower limb being 54° 50°; 
observer north of the moon; eye 25 feet; required the latitude. 


Ans. Lat. 31° 53’ 18” N. 


Example 3.—April 6th, 1890; a.m. at ship; lat. by D.R. 13° 20’ ; long. 
81° W.; observed meridian altitude of Moon’s lower limb 69° 40’ 307; 
zenith north of moon ; index error 1’ 40” to subtract ; eye 24 feet ; required 
the latitude. 


Ans. Lat. 13° 28’ 35” N. 


Example 4.—March 9th, 1890; a.m. at ship; lat. by D.R. 40°; long. 
105° 30’ E.; the observed meridian altitude of Moon’s lower limb being 
49° 24’ bearing north; height of eye 23 feet ; required the latitude. 

Ans. Lat. 39° 51’ 12” S. 3 


Latitude by a Meridian Altitude BELOW the Pole. 


When a star’s declination and the latitude of a place are of the same 
name, both N., or both S., if the declination is greater than co-latitude ; or, 
put otherwise, if the star's polar distance is /ess than the latitude of place ; 
such stars are never below the horizon of the observer, and are called cir- 
cumpolar stars; hence such stars pass the meridian both above and below 
the pole. 


Similarly, when the latitude is higher than 664°, the sun is above the 
horizon throughout the whole 24 hours during part of the summer months of 
the hemisphere. 


Also, for the reason given above, when the moon’s declination and latitude 
of the place are of the same name, during a part of every month the moon’s 
altitude can be taken both above and below the pole when the polar distance 
is less than the latitude of observer. 


N.B.—In an observation below the pole, the lowest altitude is the 
meridian altitude, and the latitude can be found as follows :— 


RvuLE.—To the érue altitude of the heavenly body add its polar distance 
(90° — Decl.) ; the sum will be the latitude of the same name as the 
declination. - - 


Obs.—The altitude is to be corrected in the usual way ; but, as it will be 
low, note the state of the barometer and thermometer, and apply the necessary 
correction to the refraction (Table “Correction of Mean Refraction ”). 
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Obs.—For the Sun.—The time being apparent midnight, the Greenwich 
date, apparent time, will be 12h. plus longitude W., but 12h mus longi- 


tude E.; for which Greenwich apparent time correct the sun’s declination. 


Obs.—For the Moon.—Use the lower meridian passage, and correct it in 


the same way as the time of the upper passage. 


Example—June 28th, 1890; at rzh. p.m., in longitude 40° E., the 
meridian altitude of the sun's lower limb below the pole. was 6° 30’; 


height of the observer's eye being 20 feet ; required the latitude. 


D. FH. mM. Obs. alt. sun’s L.L. 6°30’ 0” 


App. time at ship, June 28 I2 0 Dip. — 4 23 
Long.intimeE. — 2 40 a 6 25 37 
App. timeatGr. 28° 9 20 Semi-diam. + 15 46 
6 4I 23 
(N.A.) Sun’s Decl. Ref. — 7 57 
June 28d. 23°17’ 6°N. 6 33 26 
97" -21X9'3==corr. —-— I 7 Par. + 9 
Corr. decl. 23 15 59 Sun's true alt. 6 33 35 
go » Pol. dist. 66 44 “I 

Sun's pol. dist. 66 44 1 Latitude 73 17 36 N. 


Short Method 


Obs, alt. sun’s L.L. 6° 30’ 
Sun's corr, -+ 3°6 


True alt. 6 33°6 
Polar dist. 66 44 


Latitude 73 17-6 N. 





Explanation of Figure 


dXd__s Parallel of declination. 

P Pole. 
ON _ Sun's alt. below the pole. 
© P Sun's polar dist. 
ZQ The latitude, 

or 

Latitude = polar dist. + the altitude 
N P, the altitude of the Pole, is the Latitude. 

The other parts of the fig. are the same as ex- 
plained in Fig. 3. 
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Example.—July 14th, 1890; at about 3h. 20m. a.m. (twilight), the alti- 
tude of the star DuBHE (a Urse@ Maj.) when on the meridian below the pole, 
was 21° 14’, height of the observer's eye being 19 feet, and the index error 
+ 1’ 30"; required the latitude. 

By Table ‘Apparent Time of Principal Stars passing the Meridian of 
Greenwich” the time of Dubhe’s passing the meridian above the pole is 
3h. 20m. p.m.; therefore 12h. after that time, or about 3h. 20m. a.m., 


it will be on the meridian below the pole. 





(N.A.) decl. of Dubhe, Obs. alt. of Dubhe 21°14’ 
July 14........ 62°209 N. Ind. err. + 1I°5 

2 2i 15°5 

Pol. dist. Dubhe 27 39°1 Star’s total corr. for roft. — 6-7 


True altitude 21 8-8 
Star's pol. dist. 27 39-1 


3 Latitude 48 47-9 N. 





Explanation of Figure 


Xdd Star's paralte] of declination. 


x Star on mer. below the pole. 

PX Star's polar dist. 

XN Star's altitude. 

PX + XN = the latitude, Ww 


or 
Latitude = polar dist. + true alt. 
N P, the Altitude of the Pole, is the Latitude. 
The other parts of the fig. are the same as ex- 
plained in Fig. 3. 





Fig. 9. 


Examples for Practice 
Example 1.—July 18th, 1890 ; at 12h. p.m., in long. 75° W., the altitude 
of the sun’s lower limb, when on the meridian below the pole, was 8° 26’ 20”, 
the height of the observer's eye being 19 feet, and the index error + 3’ 15"; 
required the latitude. : 
Ans. Lat. 77° 42' 2” N, 


_ Example 2.—August 19th, 1890 ; at about 2h. zom. a.m., the star @ Crucis 
being on the meridian below the pole, its altitude was observed to be 
17° 32’ 10”, the height of the observer’s eye being 26 feet, and the index error 
— 2’ 25”; required the latitude. Declination of the star 62° 29’ 37” S. 


Ans. Lat. 44° 52’ 3"S. 


Degree of Dependence.—In fine weather an observation of the sun when 
om the meridian should not be in error 2’. A star or planet taken at twilight 
might have the same error, no more ; but on a dark night it might be 3’ or 
4'; there is always more or less uncertainty about the moon. The accuracy 
of the approximate result will then depend on the accuracy with which the 
various corrections are made. 





LATITUDE BY THE REDUCTION TO THE 
MERIDIAN 


When there is a probability that the meridian altitude may be lost, 
owing to clouds, or other causes, altitudes of the sun may be taken near 
noon and the times noted by watch, regulated to local time from the a.m. 


- observations for time, and reduced by a correction due to the difference 


of longitude in the interval. 

This observation for latitude should be limited to altitudes taken within a 
given time from the meridian (sec Table below) ; for unavoidable errors occur 
in the time as determined at sea, and the error in the latitude produced by 
an error in the time is considerable when the observations are made outside 
the prescribed limits. 

Thus the term “near the meridian” has a specific signification ; and 
speaking in general terms, the stmber of minutes in the time from noon should 
not exceed the number of degrees in the sun's meridian zenith distance ; or 
the number of minutes of time in the Meridian distance should never excced the 
number of minutes of arc in the reduction. The meridian distance should 
not exceed the limits in the following table, which is computed to give the 
number of minutes of meridian distance, when an error of half a minute in 
the time will produce an error of 1’ in the reduction. 










































































Decl. and Lat. sasic name, Decl. Dec). and Lat. dierent names, 

az 24° | 20° | ry de 10° 5° 0° 5° ro? | 15° | 20° 24° 

1 | $$ ee 
° jam. | mm. mat nat, | ue faom. feo. gow! ow. | oe | oe ow. 
o |/ormlarrjo 8:0 slo 3f0 ofo0 3 0 § oO Blorr!to ry 
5 eile Blo 5)0 3/0 clo 2/0 Slo: 7 © 11} 0 14] 0 16 
1o o 8 o 6/0 3!0 o|o 370 540 8 or OT O17.0 19 
15 |o0 6{o 3/0 o|o 3/0 6{0 Bforr Oo 14; 017 O19} O 22 
20 |}0 3/0 o!o0 34/0 6'0 g O11] 0 14 O17 © 20: 0 22.0 25 
25 oe ofo 3/0 blo gio12 o 15] 0 17; 0 20, 0 23! 0 25. 0 28 
30 | 4)° 7/010; 012; 0 15} 0 18 © 21; 0 23/ 0 26] 0 29, 0 31 
35 o 81010! 0 73 0 16 0 19] Oo 22] 0 25 © 27, O 30, O 33, 0 35 
49 10 1312|0 14/017] 0 20} o 2340 26/02 oO 31 0 34! 0 37/ © 39 
44 017) 018 oO 21/0 24 0 274 0 30] 0 33 0 35 0 39 9 42! © 44 
48 | 0 22 © 23) 9 27{ 0 28 0 36] oO 34 © 38 O 4! © 44,047, Oo 49 
§z | 0 28), © 30) Oo 32] O 34, 0 371% OF O 44 0 48) Oo 51; 0 54, 0 50 
56 © 33} 0 39, © 38] © 40 Oo 43] 0 46] 0 50, 0 53 0 56 059, 1 Ff 
Go 0 40 © 43) 0 46] 0 48) oO 50] 0 5470 57) 1 Of r 2]1 512% 7 
64 oO 50] 0 52:0 54°09 55 O 5771 OF I 5) 1 1901 7 
63 ir 2i1r 5 r 6 41 6 1 8] ro] zr 15] x 20! while visible. 





To use the Table—With the approximate latitude in the side column 
and the declination at the top, having regard to the Precept as to name, find 
the time ; this is the ine from noon, or meridian distance in time, within 
the limits of which you must keep when finding the latitude by the reduc- 
tion to the meridian. See also Ex-Mer. Table in Norie’s Table. 
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The necessary elements for the solution of the problem are: 


The hour angle, which in the case of the sun is the apparent time from 
noon. 


The declination of the object. 
The altitude. and by some methods the latitude by account. 


The following methods are those best adapted to the computation of the 
reduction :— 


METHOD I.—For all practical purposes at sea, you do not require the logarithms 
to more than four places when using this method of obtaining the reduction. 


Formula—Sin. 4 7 = hav. hk X cos. / x cos. d x co-sec. (/ 4 4), where 7 is 
the reduction, 4 the mer. dist., 7 the latitude, and d@ the declination. 


(i + d) = zenith distance obtained from latitude by D.R. and declination. 


Add together the following :— 
Log. hav. meridian distance. 
Log. co-sine of the latitude by dead reckoning. 
Log. co-sine of the declination, and 
Log. co-secant of the meridian zenith distance by dead reckoning. 


N.B.—For the zenith distancé deduced from dead reckoning proceed as 
follows :—With latitude and declination of the same name, take their differ- 
ence; with latitude and declination of different names, take their sum ; the 
result will be the zenith distance by dead reckoning. 


The sum of the logs. (rejecting ¢ens from the index) will be the Log. 
sine of half the reduction, which take out, and multiply by 2, for the whole 
reduction, to be added to the true altitude off the meridian. 


The reduced altitude taken from go° gives the zenith distance, to 
which apply the declination as in the usual problem of finding the latitude 
by meridian altitude. 


Obs. 1.—The investigation of method I. admits of two other practical 
solutions: for example, if, to the form already given, the log. of 2, which 
is 0:301030, be added as a constant, or, if instead of log. haversine of 
meridian distance the log. rising be taken and the index increased by 5, 
then the result will be the log. sine of the reduction without the necessity of 
“multiplying by 2,” as stated above. 


Obs. 2.—Or again, if, to the form already given, the constant 5-61546 be 
added, the result will be a log., the nat. number of which will be the reduction 
in seconds of arc, to be added (as before) to the ¢rue alt. 

If the observation is made below the pole, the reduction is to be subtracted 
from the true altitude, for the reduced altitude, which, added to the object's 
polar distance, gives the latitude. 


Mernop I].—Navigators have long been accustomed to use the log- 
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rising and Table of ral sines, etc., but this method should not be pre- 
ferred to Method I. 


Formula— N = Vers. & x cos. / X cos. d 
Cos.z = N+ sina 


where / is the mer. dist., / the latitude, 2 the declination, z the mer. zen dist., 
and @ the true altitude. 


Add together the— 


Log. rising of the time from noon ; 
Log. co-sine of-the latitude by account ; 
Log. co-sine of the declination. 


The sum (rejecting ¢ens in the index) will be the log. of a natural number, 
which take out. 


Under this natural number put the natural sine of the true altitude 
and take their sum, which will be the natural co-sine of the true meridian 
zenith distance. 


N.B.—The natural sine is taken only to five places, because the 
index of the log. rising is adapted to no more, and is quite sufficient. 
But if great accuracy is required the natural sine may be taken to six 
places, if a decimal place be added to the natural number, or if r be added to 
the index of the log. rising. 


Name the meridian zenith distance N. or S. according to the position 
of the observer, and get the latitude as by the meridian altitude problem. 


If the observation is made below the pole the natural number must be 
subtracted from the natural sine of true altitude ; and the meridian zenith 
distance must be subtracted from go” for the altitude below the pole ; or the 
altitude can be taken direct from the natural sine column. 


The Direct METHOD, although longer, has the advantage of being in- 
dependent of the latitude by account and is mathematically sound. The 
problem is solved by Napier’s Rules for right angled spherical triangles, 
as will be seen in the following examples. 


The latitude found is that for the time and place of observation ; hence 
to be brought to noon it will require to be corrected for the course and 
distance run in the interval between the time of observation and noon. 

For the subordinate computations proceed as follows— 


For the Sun 


x. For the apparent time at ship. using watch time and error on ap- 
parent time. Write down the month and day with the hours, minutes, and 
seconds by watch or chronometer ; apply the given error, adding if slow, 
subtracting if fast. Also turn the D. longitude made good, since the error 
on apparent time was ascertained, into time, and apply it. adding if East, 
subtracting if West. The result is the apparent time at ship. - 
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2. For the Greenwich Date—Under the ship date, apparent time, 
write the longitude in time; add if W.; subtract if E. The result is 
Greenwich date apparent time. 


3. For the Declination.—Use ‘‘ Nautical Almanac,” p. I., of given 
month and correct it for the Greenwich date apparent time. 


4.- For the True Altitude.—Correct the observed altitude for index 
-error, if any, dip, semi-diameter, refraction, and parallax in the usual way. 


5. For the Time from Noon at Ship.—If p.m the apparent time at ship 
is the time from noon ; if a.m., the apparent time at ship is to be subtracted 
from 24 hours; the result will be time from noon or easterly hour-angle 


6. If the time by chronometer with its error on Greenwich mean time 
be given, apply the error and get the correct mean time at Greenwich. 
Take out the declination and equation of time from p. II. of the “ Nautical 
Almanac.” and correct them for the correct mean time at Greenwich. 


To the mean time at Greenwich apply the longitude in time; subtract 
W. longitude, add E. longitude ; then apply the equation of time according 
to the precept on p. 11. of the ‘‘ Nautical Almanac ”’; the result will be ap- 
parent time at ship. Ifit be p.m. it will be the time from noon, but if it 
be a.m. subtract it from 24 hours to get the time from noon. 


When the sun is the object, the time from noon must always be an 
apparent interval. ‘ 


For a star or planet you will require the hour-angle, which find as 
follows— 


If the mean time at ship be given, apply the longitude in time and get 
the mean time at Greenwich. Take out the sidereal time from the “‘ Nautical 
Almanac ”’ and correct it for Greenwich mean time ; then to the mean time 
at ship add the sidereal time, and the result will be the R.A.M. 


Take the difference between the R.A.M. and the R.A. of the star, or 
planet, and the result will be the star cr planet’s hour-angle ; E. when the 
R.A.M. is the lesser ; W. when the R.A.M. is the greater. 


‘If apparent time at ship be giver. “nd the Greenwich apparent time and 
correct the apparent sun’s R.A. for Greenwich apparent time, and add it to 
apparent time at ship for R.A.M. The hour-angle is then found in exactly 
the same way as above. 


lf the mean time at Greenwich be given, find the mean time at ship by 
means of the longitude, adding if E... ..btracting if W. ; correct the sidereal 
time for the Greenwich date and add it to the mean time at ship for the 
R.A.M. The difference between thr it.A.M. and the object’s R.A. is the 


hour-angle. ~~ : 


It will be observed that when ap- rent time is given the apparent sun’s 
R.A. is used to find the R.A.M., and when mean time is given the mean 
sun’s R.A. or sidereal time is used. 


When a planet is observed its R.a. and declination wil] require correcting 
for the Greenwich date. 
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Example.—January 28th, a.m. at ship; lat. by dead reckoning 44° 8’ 
N.; long. 32° 42’ W.; the observed altitude of the sun's lower limb when 
near the meridian was 26° 50’ South of the observer ; height of eye 22 feet ; 
time by watch Jan. 28d. rh. 50m. 20s., which had been found 2h. 31m. 54s. 
fast on apparent time at ship; the difference of longitude made to eastward 
was 18’ after the error on apparent time was determined; required the 


latitude by the Reduction to the Meridian. 








D. H. M. Ss. 
T. by watch Jan. 28 =r 50 20 4 
Fast 2 3% #54 App T. at ship 
Approx. T.ship ,, 27 23 18 26 Time from noon 
Cor. for run 18’ E. + © 12 
Apparent T. atship ,, ,, 23 I9 38 Obs. alt. sun’s L.L. 
Long. in time W. 2 1 48. Dip 
App. T. at Gr. Jan. 238 1 30 26 
Semi-diam. 
Var. in rh. =39":8 
th. 30m. 15 Ref. and par. 
Corr.— 59 -70 Suns true alt. 
(N. A. p. I.) Decl. 18° 7° 29-4 Red. 
Corr.decl. 18 6 29°75. Mer. alt. 


Mer. zen. dist. 





‘Dec. 

a Lat. 
Time from noon qo 22 L. hav. 7-88850 
Lat. by D.R. 44° 8 0” N. L. cos. 9°&5596 
Decl. 18 6 30 $ L. cos. 9°97794 
Z.D. by acc. 62 I4 30 L. cosec. 0-05310 
Half Reduction 20 30 L. sin. 7-77550 


Reduction + 4r 0 


The circle represents the rational horizon, 
Z the centre is the zenith, N ZS the meri- 
dian of the observer, W Q E the equinoctial, 
P the pole (N), X the position of the 
celestial body near the meridian, X Z the 
zenith distance deduced from the obser- 
vation, X’ the place of the body when 
on the meridian, X’ Z the mer. zen. dist., 
the difference between X Z and X’ Z is 
called the reduction. 

The object of the problem is to find 
X’ Z the meridian zenith distance, and 
thence the latitude Z Q. 


The following is the same example by Direet Method. 


00 


TQ 


12 


35 


oS. 


24 
16 
40 
44 
56 
00 


56 S. 
00 


4N. 
30 S. 


34 N. 
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THE DIRECT METHOD. . 


Given: Hour angle P = 4gom. a2z2s.; PX (polar distance) = 
108° 6’ 30”, and Z X (zenith distance) = 63° 0’ 4"; to find the latitude 
by ex-meridian altitude. 

In Fig. 1. X is the object, PX the polar distance, Z X the zenith dis- 
tance, the angle X P X’ (P) the hour angle, X X’ an arc of a great circle 
at right angles to the meridian, W Q E the equator. 

Then Q Z is the latitude and is equal to the difference of the arcs 
ZX’ and Q X’. 

Fig. 1.—In the right-angled spherical triangle P X’ X, right angled at 
X’, given 7 P and side P X, to find side P X’. 


as : cos. P 

Cos. P = tan PX’ cot. PX -. Tan. PX = cot. PX 
M.S. “F ! 
P 40 22 Cos. 9-993228 In this case the angle found is 


to be subtracted from 180° to find 
PX 108° 6’ 30" Cot. 9514563 PX’ because the tangent is minus. 


71 37 «34 Tan. 10°478665 
PX =108 22 26 


In the same triangle given / P and side P X’, to find side X‘ X, the 
perpendicular from X on the meridian. 
Sin. P X’=cot. 7 P tan. X’X . Tan. X’X =~ Px 
PX’ 108° 22’ 26° Sin. 9°977275 
M. s. 
P 40 22 Cot. 10°749636 
X’'X 9° 35’ 13” Tan. 9:227639 


In the right-angled spherical triangle Z X’ X, given Z X and X’ X, to 
find Z X’. 


cos. ZX 


cos. &’ X 





Cos. ZX = cos. ZX’ cos. X'X «. Cos. ZX’ = 


5 ZX 63° 0” 4” Cos. 9°657030 
X'X 9 35 13. Cos. 9993892 
ZX’ 62 35 13 Cos. 9-663138 


To find the Latitude, 
P X’ — ZX’ = Co-latitude 
Latitude = go° — Co-latitude 
PX’ 108° 22’ 26° 
ZX’ 62 )«(35)—s«d13 


Co-latitude 45 47 13 
: go oo 00 


Latitudein 44 12 47 N. 
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. Example—September 30th, 1890; p.m. at ship; in lat. 48° 43’ S. ; long. 
22° 6’ W.; the observed altitude of the s2’s lower limb near the meridian 
was 43° 31’ 40” north of observer; height of the eye 23 feet; time by 
chronometer rh, 55m. 32s., which was 6m. 52s. fast-on mean time at 
Greenwich ; required the latitude. 


Long 


D. OH. M. 
Ship T. nly. 30 © o 
22° W. = 1 28 


Gr. T. nly. 30 1 28 





M.S, 
(N.A. p. IL) Eq. T. 10 3-6 
o8i s.xr8= +. 15 
Corr. Eq. T. + 10 5° 
Decl. (p. 11.) 2° 53° 5” 
58° 3A18= + TL 45 
Corr. Decl. 2 54 50 S. 


Formula— 


Sin. 


bind 


Time by chron. Sept. 39 1 55 32 
Error 


6 52 fast 


M.T. at Green. 30 1 48 40 


Long. 22° 56 W. = 1 28 24 


M.T. at ship 30 o 20 16 
Eq. T. + io 5 


App. T. at ship 


go 0 30 2K 


= Hav. P cos. J, cos. d, cosec. Z D 


where R = red, P hour angle, J lat. by D. R., d the dec., Z D zen. dist. by D. R. 


T. from noon 
Lat. by D.R. 
Decl. 

Z.D. by acc. 
Half Red. 


Reduction 


uM. «6S. 
30 «21 





45. 48 Cosec. 
13°50" Sin. 

2 

27 40 


Hav. 
48° 43'S. Cos. 
2 55 8. Cos. 


ore 


7-64126 Obs.alt. sun’sL.L. 43 31 40 N. 


981940 
999944 
1014453 
740403 


Dip 
S.D. 


Sun's corr. 


T. alt. 
Red 


Red. alt. 


Mer. Z.D. 
Decl. 


Lat. 
Run 


Lat. 


— 442 
43 26 58 
+ m6 1 


43 42 59 


3 a 
48 42 5 S. at noon 


And suppose the ship, between noon and the time of-observation, had 
made a true course S.W. } W. distant 5 miles, then the difierence of latitude 


being 3’, she was in lat. 48° 42’ S. at noon. 
83 qo 42 < 
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Explanation of Fig 2. 
NWSE _ Rational horizon 
WZE Prime vertical. 
WQE Equinoctial. 


NZS Mer. of observer. 

PX Polar dist. 

ZX Zenith dist. observed 
zx’ Zenith dist. on meridian. 
QZ =PS The latitude. 

PZ Co-latitude. 


Reduction m (Z X ~ Z X’) additive to true alt. 





Fig. 2 


The same example by Direct Method 


In Fig. 2, from X drop a perpendicular on the meridian, which mark X’. 
then in the right-angled spherical triangle P X’ X, right-angled at X’, given 
2 P and side P X to find side P X’. 





Gea PS con P Xa x A Tee ee ee 
cot. PX 
M. . 
P 30 21 Cos. 9°996181 


PX 87° 5° v0’ Cot. 8-707140 
PX’ 87 3 30 Tan. 11-289041 


In the same triangle, given Z P and side P X, to find side X’ X. 


ag ‘ , 3 . 2 sin P X’ 
Sia. P X cot. Z Ptan. X’X . Tan. X'X = OL P 


PX’ 87° 3° 30° Sin. 9-999427 


Mt. Ss. 
ZP 30 2r Cot. 10°875473 
X'X 7° 34’ 39”) Tan. 9°123954 


In the right-angled spherical triangle Z X’ X, given Z X and X’ X: to 
find Z X’ 


Cos. ZK = cos. Z X‘ cos. X' X -. Cos. ZX! = 698: 2% 
cos. X' X 
ZX 46° 17° 55° Cos. 9839415 
X'X 7 34 39 Cos. 9-996190 
ZX’ 45 48° 51 Cos. 9-843225 
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_ To find the Latitude. 
P X’— Z X'=~co-latitude and Latitude = go° — co-latitude. 

PX’ 87° 3/ 30° 

ZX’ 45 48 51 

Co-latitude 4x I4 39 

90 00 090 

Latitude at obs. 48 45 21 S. 
Example —December 16th, 1890; a.m. at ship; lat. by D.R. 50° 47’N.; 
long. 20° 4’ W.; time by chronometer 8h. 33m. 42s., which was 11m. 38s. 
fast on mean time at Greenwich ; the observed altitude of Spica (a Virginis) 
near the meridian was 28° 6’ bearing south ; height of eye 24 feet ; required 
the latitude by the reduction to the meridian. 


Formula 
Sin. R = hav. P cos. / cos. @ cosec. Z D + log. 2 
where R = reduction, P = hour angle, / = lat. D.R., @ dec., 


Z D zenith dist. by D.R. 


D. OH. M. s. Constant -30103 
Mer. pass. by Norie‘sTab. 15 19 #’s Mer. dist. 37 54 Hav. 7:83386 


Long. 20° W.= t Lat. by D.R. 50° 47° N. Cas. 9-80089 
*'sdecl. ro 35} 5S. Cos 9:9925 


Approx. Green. time 15 ‘20 
Z.D. 61 22k Cosec. 0-05562 





Red. + 33°72” Sin. 7:98496 
D oH M. S. 
Time by chron. 15 20 33 42 
Fast — 8 
oe yee Obs. alt. 28° 6’00°S. 
M.T. Gr. Dec. 1§ 2022 4 Star's Total Corr. — 5 30 
Long. 20° 4’ W. 1 20 16 T Alt a7 50640 
M.T. at ship 19 1 48 Red. + 33 12 
Sid. T. Gr. 17 36 22+5 Red. Al Seo apa S 
Roca. Byes ed. Alt 28 3a 42S. 
R.A.M.ar Sid.T.atship 12 41 31-2 a 
mena 3% 33s eof ages 
*'S HLA. 37 54 E. 9 Lat. 50 5 57 N 


Explanation of fig. same as in preceding 
problem. 
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Example.—July 3rd, 1890 ; a.m. at ship; lat. by D.R. 54° 2’ S.; long 
60° 24’ W.; the observed latitude of a Centauri near the meridian below 
the pole was 25° 1’ 50”; height of eye 26 feet ; mean time at Greenwich by 
chronometer (corrected for error and rate) was July 2d. 23h. 4m. 16s. ; 
required the latitude by the reduction to the meridian. 


Sin. R = hav. P cos. / cos. d cosec. Z D + log. of 2 


where R = Reduction, P hour angle, / lat. D.R., d dec., Z D zen. dist. 














D. H. M.S. M. Ss. Const. +30103 
M.T. at Green. July 2 23 4 16 *’s mer. dist. 43 48:5 Hav. 7°95940 
Long. 60° 24’ W. 4 1 36 Lat.byD.R.,S. 54° 2’ Cos. 9°76887 
M.T. at ship 19 2 40 *’s decl., S. 60 23 Cos. 969390 

(N.A. p. IL) sid. T. 6 42 54°3 114 25 

Acceleration 3 °47'4 180 

Sid. T. at ship 148 21-7 *’smer.Z.D. 65 35  Cosec. 0:04069 
a Centauri R.A. (N.A.) 14 32 10:2 s i —_ 
— Reduction — 19’ 58” Sin. 7°76389 

ea B.A. ‘ 16 11-5 W. T. alt. 24°55 0 


Red. alt 24 25 2 


%’s mer. dist. below pole 43 485 x's pol.dist. 29 36 59 
Lat. 54 12 +S, 


a Centauri obs. alt. 25° 17:8 
Star's Total Corr. . — 6-8 
True alt. 24 55 


a Centauri dect. (N.A.) 60° 23’ 1S. 
a Pol. dist. 29 36 59 


Explanation of Figure 

The rational horizon, prime vertical], 
equinoctial and meridian of observer 
are the same as explained previously. 
he small circle is a Centauri’s Parallel 
of Declination. P X polar distance, 
Z X observed zenith distance, Z X’, 
zenith distance when on the meridian, 
X P X’ hour angle or time from 

meridian passage at lower transit. 


Reduction = (Z X’ ~ Z X) to be subtracted from the true altitude 
because the altitude is least when on the meridian below the pole. 





N.B.—The sum of lat. and decl. subtracted from 180° is the mer. zen. dist. by D.R. for an 
observation Lelow the pole ; the problem re-worked may be a few seconds more exact. 


LATITUDE BY THE REDUCTION TO THE MERIDIAN 389 


Or thus: 
Formula— 
Log. nat. no. = log. rising P +- log. cos. ! + log. cos. @ — 20, 


Nat. cos. mer. Z D. = nat. sin. true alt. — nat. no. 


where P = hour angle, / = lat. by D.R., and d = declination. 


M. S- 
x» 'smer. dist. 43 48:5 log. rising 3-26040 


Lat. D.R. 54° 2’ cos. 9°76887 
«’s decl. 60 23 cos. 9°69390 
Nat. no. — §29 log. 2°72317 


*sT. alt. 24°55’ nat.sin. 42130 





Nat.cos. 41601 «*'smer. Z.D.65° 25’ 





gu 
x's alt. 24 35 
» P.D. 29 37 
Lat. 54 12S. 


Take the difference between natural number and natural sine. because 
the observation is below the pole. 


Examples for Practice 


Example 1.—February 24th, 1890 ; p.m at ship ; Jat. by DR. 58° 58’ S. : 
long. 56° 8’ W.; the observed altitude of the sun's lower limb when near the 
mendian was 39° 36’ bearing north; height of eye 26 feet ; time by watch 
th. om. 20s., which had been found 20m. 4s fast on apparent time at 
ship; the difference of longitude made to eastward was 32’ after the error 
on apparent time was determined ; required the latitude by the reduction 
to the meridian. 


Ans. Lat. 58° 52’ 8" S. 


Example 2.—May roth, 1890; at gh. 34m. 40s. a.m. by watch at ship ; 
lat. by D.R. 38° 8’ S.; long. 22° go’ E.; the observed altitude of the sun's 
lower limb when near the. meridian was 33° 32’, observer south of sun; 
height of eye 25 feet; the watch had been found rth. 51m. qs. slow on 
apparent time at ship, but ship had made 16’ difference of longitude to 
‘eastward since the error for time had been determined ; required the latitude 
uy the reduction to the meridian. 


Ans. Lat. 38° 6’ 10” S. 


Example 3.—November roth, 1890; p.m. at ship; lat. 59° 50’ N. ; long. 
32° 46’ W.; the observed altitude of the sun’s lower limb near the meridian 
was 11° 53’ 20", bearing south ; height of eye 23 feet ; time by chronometer 
3h. 31m. 26s., which had been found 2h. 30m. 56s. fast on apparent time 
at ship; but the ship had made 24’ difference of longitude to westward since 
the error for time had been ascertained ; required the latitude. 


Ans, Lat 59° 48 26" N. 
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Example 4.—March 16th, 1890; a.m. at ship; lat. 45° 37’ S.; long. 
168° 20’ E.; observed altitude of sun’s lower limb near the meridian was 
45° 40’ 25”; observer south of sun; index error of sextant 2’ to subtract ; 
eye 22 feet; time by chronometer rrh. 59m. 54s., which was 25m. 58s. 
slow on mean time at Greenwich ; required the latitude. 


Ans. Lat. 45° 31’ 46” S. 


Example 5.—August 15th, 1890; a.m. at ship; lat. by D.R. 42° 50’ S.; 
long. 176° 4’ W.; observed altitude of sun’s lower limb near the meridian 
32° 43’ 15” bearing north; height of eye 17 feet; time by chronometer 
August 15d. 1rh. 20m 49s (astronomical time), which was 8m 51s. fast on 
mean time at Greenwich; required the latitude by the reduction to the 
meridian. 


Ans. Lat. 42° 37’ 50° S. 


Example 6.—January 28th, 1890; a.m at ship; lat 48° 3° N.; long 
155° 16’ W.; observed altitude of sun’s lower limb near the meridian was 
22° 50’ 10” bearing south ; index error I’ 20” to subtract; height of eye 
24 feet; time by chronometer gh. 40m 55s which was 7m_ 15s. slow on 
mean time at Greenwich ; required the latitude. 


Ans. Lat. 48° 12° 14” N. 


Example 7.~October 18th, 1899; a.m. at ship; lat. 44° 52’ N.; long. 
45° 44’ W.; observed altitude of Procyon («# Canis Minoris) near the 
meridian 50° Io’ ; zenith N_ of star; height of eye 26 feet ; time by chrono- 
metér 8h 27m. 20s, which was 3m. 42s. fast on mean time at Greenwich: 
required the latitude by the reduction to the meridian. 


Ans. Lat. 45° 2’ 6" N. 


Example 8—December 8th. 1890; a.m. at ship; fat. by account 
49° 10’ N.; long. 47° W ;° observed altitude of Sirius (« Canis Majoris) 
near the meridian 24° 15’ south of the observer; height of the eye 20 feet : 
index error of the sextant 2’ 3° to be subtracted Time by chronometer 
sh. rm. 13s, which was correct for mean time at Greenwich ; required the 
latitude. 


Ans, Lat. qg” 10’ rr" N. 


Example 9.—June 5th. 1890; about 4h a.m. at ship; lat. by account 
39° 50’ N. ; long. 167° 30’ E. ; observed altitude of Jupiter near the meridian 
32° 22’ S.; height of the eye 23 feet ; time by chronometer 4h. 31m. 28s.. 
which was 6m. 30s. slow on mean time at Greenwich; required the 
latitude. 

Ans. Lat. 39° 50’ 30” N. 

Example 10.—December 8th, 1890; p.m. at ship; lat. by D.R. rs 62/N.; 
long. 12° 4’ W.; the observed altitude of Dubhe (¢ Urse Majoris) near 
the meridian below the pole was 23° 50° ; height of eye 25 feet; mean time 
at Greenwich by chronometer (corrected for error and rate) was December 
8d. 5h. 48m. 20S. ; required the latitude by the reduction to the meridian. 


Ans. Lat. 50° 59’ 43” N. 





391 
LATITUDE BY MAXIMUM ALTITUDE 


This problem is useful when the moon is the body observed, and when the 
ship is steaming at a rapid rate. 


It has already been stated on p. 365 that the maximum altitude of the 
sun, moon, and planets is not always the meridian altitude. If the change 
in declination is in the direction which would raise the altitude, and the rate 
of change in declination is greater than the rate of fall in the altitude after 
the object has passed the meridian, the altitude must increase, and this 
increase will continue until the rate of change in declination is exactly equal 
to the rate of fall in the altitude. The maximum altitude will occur at this 
imstant. In a similar manner, if a vessel is approaching the celestial body 
with a high speed, the vessel will be continually changing its horizon, and the 
altitude of the body will increase until the rate of speed of the vessel in lati- 
tude is the same as the rate of fall in the altitude Should these—the 
rate of change in the declination, and the rate of speed in latitude—combine 
together so that they both tend to raise the altitude, it will be easily 
understood that the maximum altitude will take place many minutes after 
the body has passed the meridian. and that it may differ considerably from 
the meridian altitude. Should the combination produce a diminution of the 
altitude, and if this rate of diminution is greater than the rate of rise in the 
altitude, then the maximum altitude may occur several minutes before-the 
body comes to the meridian of the observer. As vessels at the present 
time reach a speed of more than 30 knots an hour, it becomes necessary, for 
safe navigation in all vessels of high speed, to be able to calculate the correct 
latitude by using the maximum for the meridian altitude ; or to calculate at 
what time before or after the time of maximum altitude the body was on 
the meridian of the observer. This problem, therefore, becomes a special case of 
THE REDUCTION TO THE MERIDIAN. 


For Hour-Angle, or Time from Meridian 


c 
goo 


Formula—Sin. h = cos. lat. x cos. dec. * cosec. (lat. + dec.) 


For the Correction of the Altitude 


” 


( ah 
Formula—Sin. 2 (A ~ a) = fe aa ed 
( ) cos. lat. « cos. dec. * cosec. lat. + dec.) 


(Lat. 4 dec.) is the zenith distances computed from latitude by D.R. and 
declination. 


; ce” represents the combined change ‘in declination and rate of speed 
in latitude in seconds, in one minute of time. 
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The speed in knots per hour in a meridional direction is equal to the 
speed in seconds (”) per minute. Thus, ifa vessel is going due south 24 knots 
an hour, this is equivalent to 24” per minute. 


RuLe.—Enter the Traverse Table with the true course, and speed per 
hour, in the distance column, and take out the number in the latitude 
column ; this will be the change of latitude in seconds (”) per minute. 


Take from the Nautical Almanac in the case of the sun or planet the 
“ Var. in rh.”’ and divide it by 60 for the change in declination in seconds 
(") per minute. In the case of the moon, take the “ Var. in rom.”’ and move 
the decimal point one figure to the left for the change in declination in 
seconds (”) per minute. For a star there is no change in declination. 


If the vessel and the celestial body are moving in opposite directions, 
that is, the vessel going S. and the celestial body N., or vice versa, add 
together the change in latitude and change in declination in seconds (”) per 
minute. If the vessel and the celestial body are moving in the same direc- 
tion, that is, both going N., or both going 5., take the difference between 
the change in latitude and change in declination in seconds (”) per minute. 
Call this sum or difference (c). 


Find the Greenwich time corresponding to the time of meridian passage, 
and take from the Nautical Almanac the declination of the body and correct 
if for the Greenwich time. Add the latitude and declination if of opposite 
name, but subtract them if of the same name. 


To find the time from the Meridian.—From the logarithm of (c) subtract the 
logarithm of goo, call this (x). Adel together L cos. latitude, L cos. declina- 
tion, and L co-sec, (latitude + declination), reject all ¢ezs, and call the sum 
of the logarithms (y).. Then subtract (y) from (¥), and the remainder is the 
L sin. of the time from the meridian when the maximum altitude occurs. 


To find the correction of the maximum altitude.—To the L sin. found in the 
previous part, add (x), the sum is the L sin. of twice the correction: or, 
the correction can be found as in reduction to the meridian. 


To find if the maximum altitude is before or after the time of meridian 
passage.—When the vessel is going towards the celestial body the time 
will be after the time of meridian passage, except when the body is moving in 
the same direction as the vessel, and the rate of change in declination is 
greater than the rate of specd in latitude. When the vessel is going awav 
from the celestial body, the time will be before the time of meridian passage, 
except when the body is moving in the same direction as the vessel, and 
the rate of change in declination is greater than the rate of speed in latitude. 


Always add the correction to the maximum true altiiide anemic 
the meridian altitude at the place where the altitude was observed. Then 
find the latitude in the usual way, using the declination corrected for the tir 
from the meridian. 
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Exainple—A vessel is steaming due south at the rate of 3¢ knots an 
hour ; what will be the meridian distance of the moon at the time of her 
maximum altitude, and the correction to be applied to the maximum 
altitude to reduce it to the meridian altitude? Lat. by D.R. 50° N., decl. 
r° N. “ Var. in tom.” 175” N. Declination increasing. 


If the maximum true altitude is 41° 5’ 39” S., what is the latitude at the 
time of observation, and at the time of meridian passage ? 


Change in latitude ............ 30” S. per minute. 
35 declination .......... 17-5 N. i 
Total change (c) .....-+eeee oes 47°55 i 
" (c) 4775 log. 1-676694 lat. 50° N. cos. 9808067 
goo _ log. 2°954243 dec. IN. cos. 9:999934 
(x) B-722451 diff. 49 co-sec., 10°122220 


(y) 9°93022K (y) 9°930221 
Mer. Dist.14m.13s. —_ sin.8-792230 
(x) 8-722451 
Awaz’ 15” — sin. 7514681 


Corr. 5 37 


As the vessel is going towards the moon, the moon attains her maxi- 
mum altitude 14m. 13s. after the time of meridian passage, and the correction 


of the altitude is 5’ 37”. 


The moon’s declination will have increased in the time 17°:5 X 14-22 
= 248"-85 = 4’ 9”, thus making it 1° 4’ 9” N. 


The vessel is altering her latitude 30” per min. ; in 14m. 13s. her lati- 
tude will have altered 14-22 x30” = 426"-6 = 7’ 7”. 





; Max. tr. alt, ....... cee eee 4t° 5’ 39'S. 
COM, ita TeV eosin tes + 5 37 
Mer lt. si5e6 ess ewsie ys 4I 15 16 
90 
Mer, Z.D» gstessaeteseeses 48 48 44N 
DEGs. ceyarehancanhi ich Mourns I4 ON 
Lat. alsights ........eee eens 49 52 53N. 


DNase olivate sae et $.0i8. casero 7 IN 
Lat. at mer. pass. 1.00... eee ee eee 59 o ON. 
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Examples for Practice : 

Example 1—December 19th, 1890; p.m. at ship; in lat. by acct. 
57° 5'N., long. 3° W. ; steering S. 20° W. (true) 20 knots an hour ; the moon’s 
maximum altitude of the lower limb was observed to be 31° 34’ 50” S., 
7.¢. —2' 5"; height of the eye 20 feet ; required the latitude when the moon 
was on the meridian of the ship, and also at the time of taking the altitude. 

Ans. Latitude when on the meridian 57° 8’ 25” N.; latitude at the time 
of taking the altitude 57° 4’ 15” N. 


Example 2.—April ist, 1890, in lat. by acct. 51° 20’ N. ; long. 9° 30’ W., 
steering S. 10° W. (true) 25 knots an hour; the sun’s maximum altitude 
of the lower limb was observed to be 43° 7’ 0” S., 7.e.+1’ 10”; height of 
the eye 18 feet ; required the latitude at the time of observation. 


Ans. Latitude 51° 18’ 13” N. 


Example 3.—October Ist, 1890 ; in lat. by acct. 48° 30’ N., long. 5° 15’ W., 
steering north (true) 30 knots an hour; the sun's maximum altitude of 
lower limb was observed to be 38° 5’ 0” S., #.e: —2’ 20”; height of the eye 
21 feet; required the latitude at the time of observation. 


Ans. Latitude 48° 28’ 4” N. 


LATITUDE BY AN ALTITUDE OF THE POLE STAR OUT OF THE 
MERIDIAN 

Finding the latitude by Polaris, or the Polar star, is a form of the reduc- 

fion to the meridian, for which, however, special tables which simplify the 

computation are provided in the Nautical Almanac. When you have no 

Nautical Almanac you can use Tables ‘‘ Latitude by Altitude of Pole Star.” 


RuLe.—r. You must know the sidereal time of observation, z.e. the 
right ascension of the meridian at the place ; for which purpose you may 
have the apparent time at ship, the mean time at ship, or the mean time 
at Greenwich, and the longitude ; with which you can find the required 
sidercal time of observation. 


2. To the observed altitude of the star apply the index error, dip, and 
refraction in the usual way ; the result will be the ¢rue altitude, from which 
subtract the constant 1’, for the reduced altitude. 


3. Turn to Tables I., IL., and IIT. (pp. 483-485 in the Nautical Almanac 
for 1890) made expressly for the Pole star. The fist correction will be 
additive or subtractive according to the sidereal time; the second aud 
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third corrections are always to be added. The application of the three 
corrections to the reduced altitude gives the latitude. 


‘The nearer Polaris is to the meridian, either above or below the pole, 
when the observation is taken, the less will be the error in latitude arising 
from an error in the time. The time of the star’s passing the meridian can 
be obtained from Table “Apparent Time of Principal Stars Passing 
Meridian of Greenwich,’’ and the ‘‘ Explanation.” 


By Bricf Rule and Tables “ Latitude by Altitude of Pole Star."—For the 
sidcreal time of observation at place, see paragraph 1 above. 


To solve the problem without the aid of the special tables in the Nautical 
Almanac, or Tables“ I.atitude by Altitude of Pole Star’’ proceed as follows :— 
1. Find the Greenwich date. Correct the altitude as usual. 


2. Take out the right ascension and declination of Polaris for the Green- 
wich date. Find the polar distance and reduce it to seconds, which call (/). 


3. Correct the R. A. M. S.. to which add Mean time at ship. This 
will be the sidereal time at place. From the sum subtract the star's nght 
ascension, the result is the hour angle, which call (4). 


4. Add log. of to the log. of co-sine #, the result will be the first correc- 
tion in seconds. 


If the sidereal time at ship be between 6 and 1S hours add the correc- 
tion to the altitude, if otherwise subtract the correction. 


5. Find } sine 1” (p sine 4)? tangent a2. To log. # add log. sine h, square 
this and add log. tangent of @ and the constant log. of (} sine £") 4°384545 
to the product. 


The result is the second correction, always additive. 


The formula is 2 = a— pcos. hk + 3sin. 1” (pf sin. A)? tan. a 
where /=Ilatitude. : 
p=polar distance in seconds. 
A=the hour angle. 
a= the altitude. 


The usual method of finding the latitude is shown in the followirg 
examples. 


From the cbserved get the irue altitude, applying index error, and using 
Table “Star's Total Correction.” 


Then to the ¢r#e altitude apply the correction from Table “ Latitude by 
Altitude of Pole Star,” adding or subtracting, as directed by the sign plus or 
minus. A small further correction from Table “ Correction of Latitude by 
Altitude of Pole Star,” always additive, will give the latitude. 
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Example—May 21st, 1890, at 1oh. 12m. p.m. apparent time at ship; 


in long. 22° 30’ W.; the observed altitude of Polaris was 50° 18’ 10”; 
height of eye 20 feet ; index error +1’ 10”; required the latitude. 


D. H. MM. 





App. T. at ship, May 2r 10 12 Obs. alt. Polaris 50° 18’ ro” 
Long. in time I 30 I. + 10 
App T. at Gr. 11 42 5° 19 20 
Dip 4’ 237) et 
Ref. 48 | aoe 
True alt. 50 14 9 
Ss. Subtract — I 
(N.A. p. I.) Var. in th.  r0-02 Reducedalt. 50 13 9 
ith. 42m. = 11:7 Ist corr, + x 15 16 
6,0)11,7°234 and corr. + 3 
+ 1572 3rd cot: + ____ 54 
(N.A. p. I.)sun’s R.A. 3 52 40°4 (By N.A.) latitude 51 29 22 N. 


Corr. sun’s R.A. 3 54 37°6 
App. T. at ship ro 12 


R.A.M. orSid.T.at ship 14. 6 376 


By Brief Rule, bringing 
forward T. alt. wees 50° 14! 
Lat. by Alt. of} + x 15 
Pole Star Tables; + ° 


Lat. 51 29 N. 


If any interpolation be necessary when taking out the Ist corr. it can be 
done at sight. 


N 
dd Parallel of dec. (much exaggerated). 
A First point of Aries. 
Pp The pole. l/ 
x Polaris. 
AX R.A. of Polaris. w 
AdZ R.A.M. or sid. time of obs. 
Px’ The correction, plus to true alt. See 
ZQ = P N = the latitude or a 
Lat. = Px’ + alt. 
The other parts of fig. are the same as in 
previous Fig. t 


Fig x. 
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Example.—October 26th, 1890, a.m. at ship; long. 175° 42’ E.; the 
observed altitude of Polaris was 58° 0’ 30"; height of eye 27 feet; index 
error of sextant 1’ 50” to subtract; time by chronometer 5h. Iom. 2s., 
which was gm. 40s. slow on mean time at Greenwich ; required the latitude. 





D. Ho oM. Ss. Polaris obs. alt. 58° 0’ 30” 

Chron. Oct. 25 5 10 2 ILE. — 1 50 
a _ 57 38 40 

M.T.G. ‘a § Ig 42 Dip — 5 5 
Fone: ; Ir 42 48 E. 57 33 35 

, M.T.S. es 17 2 30 Ref. — 35 
Sid. T. (N.A. p. ID) 14 e ee 57 53.0 

Acceleration | a oe Subtract — 1 

for 5h. 19m. 42s. 4+ re : 57 52 0 

: : ee Istcorr,. + OT 
Sid. T. of obs. at ship 7 18 40°63 andcorr. + I Ss 
R a u 3rd corr. + 31 


(By N.A.) Latitude 57 54 8N. 


By Brief Rule, T. alt. 57°53’ 
Star Tables t ° 
Lat. by Alt. of Pole Star} 13 


Lat. 57 543N. 





Explanation of the F igure 


NWSE __ Rational horizon. Cr) 


WZE Prime vertical. \ 
A First point of Aries. w 


x Pole star (Polaris). 

AX R.A. of Polaris. 

AXZ Sid. time of obs. or R A.M. 
QZ=PN = Latitude. 


$s 
Fig. 2. 


The small circle is the parallel of declination much exaggerated. 


The figure shows that when the star’s hour angle is 6h. E. or W. there 
iS practically no correction to apply, the true altitude being, for all practical 
purposes, the latitude. When the star is on the meridian above or below 
the pole, the star’s polar distance is the correction, plus to true altitude 
when below the pole, minus to true altitude when above the pole. 
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Examples for Practice 


Example 1.—September 6th, 1890, in long. 38° 30’ W., at rth. 51m. 
p.m., apparent time at ship, suppose the altitude of the Polar star to be 
30° 30’ 25”, the height of the observer’s eye being 22 feet, and the index 
error +2’ 20”; required the latitude. ; 


Ans. 29° 24’-7 North.—By N.A. Method, 29° 25' 7” N. 


Example 2.—March 12th, 1890, in long. 45° 30’ E., at 3h. 30m. a.m., 
mean time at ship, suppose the altitude of the Polar star to be 70° 26’ 30”, 
the height of the observer’s eye being 18 feet, and index error —1’ 30° ; 
required the latitude. 

Ans. 71° 32’ North.—By N.A. Method, 71° 31' 35" N. 


Example 3.—November 4th, 1890. in long. 150° 18’ E., at roh. 23m., 
p.m., mean time at ship, the observed altitude of the Polar star was 
53° 10’ 20”, height of eye 19 feet, index error +2’ 10° ; required the latitude. 


Ans. 51° 50'-7 North._—By N.A. Method, 51° 51' 8’ N. 


Example 4.—At ship March 22nd, 1890, p.m., in long. 40° 30’ W.; the 
observed altitude of the Polar star was 48° 30’; height of eye 26 feet; time 
by chronometer March 22d. roh. 4m. 30s., which was 8m. Ios. fast on mean 
time at Greenwich ; required the latitude. 


Ans. 48° 24'-8 North.—By N.A. Method, 48° 24’ 28” N. 


Example 5.—August 3rd, 1890, at 10h. 28m. 12s. p.m., mean time at 
ship; long. 35° 2’ W.; the observed altitude of Polaris off the meridian 
was 35° 10’ 15”; index error of sextant I’ 45” to subtract ; height of eye 
17 feet ; required the latitude. 


Ans. By NA. Mctiod, 35° 3° 52” N. 


Example 6.—November 23rd, r890, a.m. at ship; long. 168° 44’ W.; 
mean time at Greenwich by chronometer (corrected for error and rate) was 
November 23d. oh. 11m. 36s. ; the observed altitude of the Polar star off 
the meridian was 48° 15’; height of eye 25 feet ; required the latitude. 


Ans. By N.A. Method, 47° 28' 8" N. 


_Note.—The method of finding the latitude by the pole star, though confined to the northern 
latitudes, 1s very usetul at sea, as it 1s available at all times when the star is visible, and the 
honzon 1s sufficiently distinct ; 1t also does not require a more accurate knowledge of the time 
than 15 usually possessed on board ship. Consequently the chief error will depend on the 
capacity of the observer in taking an altitude. and the state of the weather, in conjunction 
with the visibility of the horizon. By using the Nautical Almanac method, the first correction 
always gives the latitude within 2’ of accuracy. . 








THE CORRECTIONS OF THE COMPASS 


BY AMPLITUDES, TIME-AZIMUTHS AND ALTITUDE-AZIMUTHS 


THE Compass needle points to the magnetic pole of the earth, which, not 
being coincident with the true pole, the result is a varying angle (according 
to locality), which is called the Variation of the Compass. Before the time 
of Columbus variation had not been recognised, but we now know there is a 
slow progressive alteration of the position of the needle with respect to the 
true meridian ; it moves towards the west, until it arrives at its maximum 
on that side; it then returns, passes over the true meridian, and moves 
easterly, until it arrives at its maximum towards the east; it then returns 
as before. When first noticed in London, there was about a point of easterly 
variation ; this had decreased to zero in 1657; the needle then moved west- 
ward until it attained a maximum of 244° W. in 1816; now (1914) it is 
less than 15°, progressing to eastward, and the line of mo variation will in 
years to come again coincide with the true meridian—a complete cycle 
of changes through east and west occupying about 320 years. 


DEFINITIONS 


Variation of the compass is the angle which measures the cifference 
between the true and magnetic meridians. 

Deviation of the compass is the deflection of the needle to the right or left 
caused by local attraction, generally in the ship or inthe cargo. It measures. 
the deflection of the needle from the magnetic meridian. 

Compass error is the combined effect of both variation and deviation, 
the algebraic sum of which is the error, and measures the total deflection of 
the needle from the true meridian. 

The methods of finding the true bearing of a celestial object are by— 

Amplitude, Altitude azimuth, Time azimuth. : 

The elements required are— 

Time, Latitude, Declination. 

The error of the compass can also be found by comparison with objects 
on land whose true bearing is known, and the deviation by comparing 
the magnetic and compass bearings. 

The true bearing of a point of land or any sonspirnoy object can be found 
in combination with a celestial object. 


AMPLITUDE 


The method by an amplitude consists in observing the compass bearing 
of the sun, or other heavenly body when its centre is in the érwe horizon ; 
that is, at its rising or selting. Since the object can only be referred to the 
visible horizon, and being subject to vertical displacement due to refraction, 
parallax, and dip, an observation taken near the visible horizon requires 
a small correction. 
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Refraction causes objects to appear in the horizon when, on an average, 
they are 33’ below. A star, if you can really recognise ii, may be taken 
when it is 33’ lus the dip above the horizon. The moon, owing to its 
irregular disc and large horizontal parallax, is a very unfavourable object. 


You can find the true amplitude (bearing) of the sun without computing 
it, from Amplitude Table, which is accurate within a degree. 


The Observation.—_For the sun, which has an appreciable disc, no pre- 
paration is needed except being ready at the compass a few minutes in 
advance, and keeping the sight vanes (attached to the compass) pointed in 
the right direction. Then when it is estimated that the lower edge of the 
sun is about his semi-diameter above the horizon, observe the bearing. 

There should also be noted with this observation, as well as with all others 
for determining the error of the compass and the deviation, the ship’s head 
by Standard Compass, and the angle of heel, if any, to starboard or port. 


Rute.—1z. For the Greenwich Date, and the Declination of the heavenly 
body.—With the time at ship and longitude, find the corresponding 
time at Greenwich; and to that Greenwich time reduce the object’s 
declination, taken from the Nautical Almanac. 


2. For the True Amplitude.—Under the latitude write the corrected declina- 
tion; then, to the log. secant of the latitude add the log. sine of the 
declination ; their sum (rejecting z#tdex I0) will be the log. sine of the 
true amplitude, which take out in degrees and minutes. 

The true Amplitude ts to be named : 

From east if the object is rising, but from west if the object is setting. 

Towards N. for N. declination, towards S. for S. declination. 

If the declination is 0, the true amplitude is érvue east at rising, true 
west at setting ; no computation is required. 


For latitude o the declination is the true amplitude. 

3. For the Error of the Compass——Under the true amplitude write the 
obscrved amplitude, reckoned from E. or W. as the case may be. 

If both are N., or both S., take-their difference ; if one is N. and the 
other S., take their sum ; the result in each case will be the error of compass. 


Then looking from the centre of the compass in the direction of the 
-observed amplitude— 


Name error E. if the true is to the right of observed amplitude. 
Name error W. if the true is to the left of observed amplitude. 


4. For the Deviation of the Compass.—Under the error of the compass 
write the variation taken from the chart, or as given in the question, then— 


Error and variation, both E. or both W., take their difference. 
Error and variation, one E. and the other W., take their sum. 


The resulting deviation will be of the same name as the error of compass; 
unless the error has been subtracted from the variation, in which case the 
_deviation will be EZ. when error is W., but W. when error is E. 
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Or, if the error of the compass is to the right of the variation, the devia- 
tion is east, but if to the left, the deviation is west. 

Also, with error 0, deviation is of the same amount as the variation, but of 
the opposite name ; with variation 0, the error is the deviation. 


The circle (see lig. 1) represents the ‘< 
rational horizon, Z the centre is the zenith, 
and N Z § the meridian of the ob 
server. P is the elevated pole, W Q E the 
equinoctial, and W Z E the prime vertical. - 

Then Z Q is the latitude and Z P the co- 

latitude of the observer. If X is the position w aac 

of the sun on the horizon at setting W X is es 
the amplitude. . 

The problem is to find W X by 
means of the quadrantal spherical triangle 
P ZX (Z X being a quadrant or go°), WX 
being the complement of the angle Z. 
In the rule given the co-lat. (/’) and polar 
distance (p) have been modified to give lati- 
tude (/) and deci. (¢). 

In the diagrams, the point X’ represents 
the observed amplitude, so that it is in- 
stantly seen whether the true (X) is to the 
right or left of the observed (X’). 


In the small diagrams N is the true north point, E is the point to 
which N is drawn by the combined action of the earth and the iron of 
the ship—i.e., arc N E is the error of the compass. V is the point to which 
N is drawn by the magnetism of the earth a’one—i.e., arc N V is the varia- 
tion of the compass; hence the iron of the ship must draw N from V to E— 
t.c,,arc V Eis the deviation cf the compass, and is easterly when E is on the 
right of V, and westerly when on the left looking from the angular point 
which reprezents the centre of the compass or centre of horizon. 

The arc W X or the angle W Z X (fig. 1) is the amplitude, P X is the 
polar distanc: and P Z the co-latitude. 

The trianzle P Z X is quadrantal because Z X = go°. 

The circular parts are therefore the angles at Z and X and the comple- 
ments of the sides P X, P Z, and the angle Z P X. In the quadrantal 
spherical triangle P Z X, fig. x.,given P Z and P X to find the angle P Z X. 

P X is the middle part and P Z and angle Z the opposite parts. 


Cf 


N Fic. 1. 


< 
m 


Sin. (comp. P X) = cos. PZ X, x cos. (comp. P Z) 
that is cos. P X = cos. PZ X, x sin. PZ 


.. Cos. PX a SEX 


sin. P Z 
or Sin, dec. = sin. amplitude x cos. latitude 
Sains sin. dec. 
7. -amp. = cos. lat. 


= sin. dec. x sec. lat. 
which is the formula in common use. 
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Example 1.—April 26th, at 5h. 11m. a.m. apparent time at ship; lat. 
41° 29’ N., long. 5° 45’ E., the observed bearing of the sun at rising was 
E.$N. Required the true amplitude, and error of the compass; also, 
supposing the variation to be 14° 50’ W., required the deviation of the 
compass on the direction of the ship's head. 





DH. OM. 
App. T. ship, April26 5 Ifa.m. 
12 
eo 25 17 Ir 
Long. in time — 23 





App. T. at Gr, ,, 25 16 48 


Formula— 


Ap. 26th, sun’sdecl. (N A. p.I.) 13° 35’ 25°N. 


487-19 N.X7-2h. — 5 47 
Corr. decl. 13 29 3N. 


N.B.—Decl. is corrected for 7h. 12m 
: before noon of 26th. 


Sin. amp. = sec. lat. x sin. dec. 


Log. sin. amp. = log. sec. lat. + log. sin. dec. 


Lat. 41°29’ Sec. 0-125432 





N.decl. 13 29§ Sine 9:367922 
True amp. 18 8% Sine 9°493354 


Explanation o} Fig. 2. 
NWSE Rational horizon. 


P The pole. 

Z The zenith. 

M Co-latitude. 

I Latitude. 

WQE The equinoctial. 
WZE Prime vertical. 

x Sun rising. 

x’ Bearing by compass. 
EX The rising amplituda, 


PXorf Polar dist. 
ZPX Easterly hour angle. 


The large fig. shows the error is West, and the 
amall fig. shows that the deviation is the difference 
between the variation and the error and is East. 


True amplitude E. 18° 8’ 30"N. 
Obs.amplitude E. 5 37 30 N.(E4N,) 


Error of compass 12 3r o W. 
Variation 14 50 o W. 


Deviation 2 19 0 E. 








N 
Pp! 
; x 
z , 
x 
w z z 
Q 
VE_N Fig. 2. 
Explai ation of the small 


figure. 

True North. 
Variation. 
Comp. error. 
Dev. 


Mnez 


N 
} N 
Vv 


By Inspection. Entering Amplitude Table with lat. 414° and decl. 134° 


the true amplitude is E. 18° 10’ N. 
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N.B.—The parallel of dcc. in these figures has been omitted for the 
sake of clearness. 


Example 2.—May 2nd, at 4h. 38m. p.m. apparent time at ship; lat. 
51° 31’ S., long. 50° 15’ W., the sun’s observed amplitude at setting wae 
W. 3S. Required the true amplitude, and error of the compass ; also, 
supposing the variation to be 11° 45’ E., required the deviation of the 
compass for the direction of the ship’s head. 


D OR, OM, 

App. T. ship, May 2 4 38 May 2nd. Sun's decl. (N.A. p. I.) 15° 26° 50° N. 
Long. in time 3 2aw.- 4475 xX 8h. + 5 56 

App. T.atGr, , 2 7 59 Corr. decl. 15 32 46 N 





Formula.—Sin. amp. = sec. lat. x sin. dec. 


Loy. sin. amp. = log. sec. lat. + log. sin. dec, 


Lat. 51° 31° Sec. 10-206009 
N. deci. 15 33 Sin. 9°428263 


Trueamp. 25 31 Sin. 9°634272 


True amp. W. 25° 31" oO” N, 
Obs.amp. W. 2 48 45 S. (W. 35S.) 
Errorofcomp. 28 19 45 E. 

Variation rr 45 oO E, 











Deviation 16 34 45 E. 


Explanation of fg. same 
as Fig 2. 
The large fig. shows the error is East. N 


The small fig. shows that the deviation is 
East. and also that it is the difference between 
the error and the variation. 


By Inspection.—Entering Amplitude Table with Jat. 514° and decl. 154°° 


the érue amplitude is 25° 26’ N. ano 
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Example 3.—November 231d, at 3h. 50m. p.m. mean time at ship ; lat. 
52° 46’ N., long. 49° 45’ W., the sun’s observed amplitude at setting was 
S. 69° 30’ W. Required the true amplitude, and error of the compass ; also, 
as the chart gives the variation 41° 20’ W. at that locality, required the 
deviation of the compass for the direction of the ship's head, being at the 
time on a W. } N. course by compass ; also give the true course the ship was 


making. 
DR oH. M. 
M.T. ship, Nov. 23 3 50 Nov. 23rd, sun's decl.(N.A. p, II.) 20° 24’ 37°S. 
Long. in 1ime 3 19 31° x 7th, + 3 «40 
MT. at Gr. ,, 23 7 9 Corr. decl. 20 28 17S. 


Formula.— Same as Example 2. 


Lat. 52° 46’ Sec. 10:218200 
S. decl. 20 28 Sin. 9°543649 
Trueamp. 35 18 Sin. 9°761849 





T.amp. WW. 35°18’ S. 
Obs. amp. W. 20 30 S. (S. 6y* 30° W.) * 


Error of comp. 14 48 W. 
Variation 41 20 W. 


Deviation 26 32E. on W. 3 N. 





* By subtracting from go* the letters 
change places. 





By Inspection—Entering Amplitude 
Tabl- with lat. 524° and decl. 204°, the N 
true amplitude is WW. 35° 10’ S. eS 


Explanation of 
fig. same as 


The large fig. shows that the error is West, and Fig. 2. 
the small fig. shows that the deviation is the difference 
detwcen the variation and the error, and is East. 


Ship's course by comp. W. 3 N. = N. 87° 11° W. 
Error 14 48 W. 


N.101 59 W. 
or 
Ship's true course S. 75° or’ W. 
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Example 4.—March 20th, at 6h. om.’a.m. apparent time at ship ; lat. 
39°S., long. 144° W., the sun’s observed amplitude was N. 84°E. Required 
the true amplitude, and error of the compass ; also, the variation by chart 
being 3° 45’ W., required the deviation of the compass for the direction 
of the ship’s head, the course at the time being east by compass ; also give 
the true course the ship is making. 








D. oH. M. 
App. T. ship, March 20 6 0 a.m. Mar. 20th,sun’sdecl.(N.A.p.1.) 0° 3° 31°S. 
12 a 59°26 x 3°64. — 3 33° 
19 18 0 Corr. decl. ao o 2N. 
Long. in time 9 36 ; 





App. T. at Gr. 20 3 «36 nN 


The sun being on the equator, rises at 
th. a.m., true east; no computation is 
fequired. 


True amp. E. oN. 


°° 
Obs. amp. E. 6 oN. (N. 84°E.) w 
Error of comp. 6 o E. 
Variation 3 45 W. 
s ae 


Deviation 9g 45 E. on East. 


Ship's course by comp. being East and 
error of comp. being 6° E., makes true 
course E. 6° S. or S. 54° E. Explanation of hg. same as v 


Fig. 2. 


x! 
x 
N 

The large fig. shows that the error is 
East, and the smal] fig. shows that the 


deviation is the sum of error and variation, 
and is also East. 


Examples for Practice 
Example 1,—February 13th at 6h. 49m. a.m. apparent time at ship; 
lat. 42° 27’ N., long. 139° 52’ W., the sun’s observed amplitude at rising was 
east. Required the true amplitude, and error ot the compass; also, 


supposing the variation to be 18° 40’ E., find the deviation for the direc- 
tion of the ship’s head. 


Ans. T. Amp. E. 18° 2’S.; Err. of comp. 18° 2’ E.; dev. 0° 38’ W. 


Example 2.—June Ist a.m. at ship; Jat. 58° 29’ N., long. 85° qo’ W., 
the sun was observed to rise by compass E. 15° 40’ N., when the chrono- 
meter which was correct for G. M. T. indicated 8h. 54m. 40s. Required 
the true amplitude, and error of the compass; also, supposing the varia- 
tion to be 15° 10’ W., find the deviation for the direction of the ship's head. 


Ans. T. Amp. E. 45°58’N.; Err. of comp. 30°18’ W.; dev. 15° 8 W 





406 THE CORRECTIONS OF THE COMPASS 


Example 3.—July 2nd at gh. 29m. p.m. mean time at ship ; lat. 61° 42’ N., 
long. 56° 45° W., the sun’s setting amplitude was observed to be N. 2° E. 
Required the true amplitude, and error of the compass ; also, the variation 
from chart being 58° 30’ W., find the deviation for the direction of the 
ship's head. 


Ans. T.Amp. W. 55°29) N.; Err. of comp. 36° 303’ W. ; dev. 21° 594’ E. 


Example 4.—September 23rd at 6h. a.m. apparent time at ship; lat. 
48° 32’ S., long. 177° E., the sun's rising amplitude was observed to be E. $ S. 
Required the true amplitude, and error of the compass ; also, the variation by 
chart being 17° 20’ E., find the deviation for the direction of the ship’s head. 


Ans. T. Amp. E. 0°12’ N.; Err. of comp. 5° 493’ W. ; dev. 23° of’ W. 


Example 5.—June 21st at 5h. 43m. p.m. apparent time at ship; lat. 
9° 57’ S., long. 92° E., the sun was observed to set by compass S. 88° 30’ W. 
Required the true amplitude, and error of the compass ; also, the variation 
by chart being 0°, find the deviation and the true course, the ship's head 
by compass being N.E. 

Ans. T. Amp. W. 23°50’N. ; Err. of comp. and dev. 25° 20’ E.; ship’s 
true course N. 70° 20’ E. 


Example 6.—November 2nd at 4h. 53m. p.m. mean time at ship; lat. 
39° 45’ N., long. 1r° 14’ W., the sun’s observed amplitude at setting was 
W. by S.7S. Required the true amplitude and error of the compass ; also, 
the variation by chart being 21° 30’ W., find the deviation and the ship's 
true course, the ship's head by compass being S. } E. 

Ans. T. Amp. W. 19° 33’ S.; Err. of comp. 0° 8’ E.; dev. 21° 38’ E.; 
ship’s true course S. 2° 41’ E. 


BY TIME AZIMUTH 


For the Observation.—Any heavenly body sufficiently bright to be seer 
through the sight vanes of the standard compass may be employed in 
time azimuths with more or less convenience. When taking the bearings, 
note the times by a watch the error of which on local time is known. The 
altitude should not be too high for convenient bearings to be taken. 


For the Computation you require—the object's hour angle, the latitude, 
and thence the co-latitude, the object’s declination, and thence its polar 
distance. 


For the Sun.—Find the Greenwich date, correct the declination and 
thence find the polar distance ; the sun’s hour angle is the apparent time 
(at place) past noon if p.m., or the approximate time subtracted from 
2qh.ifa.m. if mean time be given you will have to apply the equation of 
time to get apparent time. 


For a Stay —Find the Greenwich date, and get the mean sun's right 
ascension if mean time be given, but if ‘apparent time be given get the 
apparent sun's right ascension and correct it for apparent time at Greenwich. 
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For Star's Hour Angle-—To mean time at place add the mean sun’s 
right ascension, and from the sum subtract the star’s right ascension: the 
tesult is the hour angle W., which ifless than 12h. is the argument required. 
But if the hour angle W. exceed 12h. subtract it from 24h. for the hour 
angle E. If apparent time at place be given add the apparent sun's right 
ascension for right ascension of the meridian, and subtract the star’s right 
ascension for star’s hour angle. 

If the Moon or Planet be used, the object’s right ascension and declina- 
tion will require correction for the Greenwich date. The hour angle is 
obtained as for a star. 

In Fig. a, let P = hour angle, ~ the polar distance, and 2’ the co-latitude 
and X Auriga (Capella). 


Then— Tan. 3 (Z + X)— CAE") cot, = 


sin. }(b—2) | P 
Stipa cot. . 





Tan. §(Z ~ X)= 


Instead of dividing by cos. 4 (p + 1’) multiply by sec. 
Instead of dividing by sin. 3 (6 + /’) multiply by co-sec. 
Zz + x 2 Zz ~xX 
ea ; 


The sum of nd is the greater angle. 


The difference of & + = and a 3 2 is the lesser angle. 








Special Cases. 
When 4 (f +7’) = go® Z = 90° 
When 4(p—l’)= O° X= O° 
When P = 0 the object is on the meridian 
When P = 12 hours the object is again on the meridian, below the pole. 


When the polar distance is greater than the co-latitude Z = the sum 
é + X and 22%; when it is less Z = the difference of Z = and oe : 
When the co-latitude is the greater the lesser angle is the azimuth. 
When 34 (p + /’) exceeds go” the secant is negative and therefore tan. 
4 (Z+ X) is negative, in which case the supplement must be taken for 
4 (Z + X). 

RuLe.—Take half the sum of co-latitude and polar distance and call it 
4 (6 + 2). 

Take half the difference of co-latitude and polar distance and call it 
+ (6 — ?’). 

P 


Take half the hour angle and call it = 








of 








. 
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Example,—January 25th,.at 2h. Iom. a.m. mean time at ship; lat. 
49° 2’ N., long. 35° 30° W.; find the true bearing of « Aurigze (Capella) ; 
also if Capella bore N. 64° 30’ W. by compass, and the variation by chart 
is 36° 40’ W. Required the error of the compass, and the deviation for the 
direction of the ship’s head. 





D. H. M. ; aH. M. 5. 
M.T.ship Jan. 2% 14 10 M.T.ship 14 10 0 Oapella's decl. 45° 53° 12" N. 

. in ti 2 2W. Sid. T.(N.A.p. If) 20 15 205 wine ae a 
Tee nae — Aste (2 RO a oN EDEMA” 8. 18 

‘ ; 
MIG. , 16 32 16b. 32m. 4 po Co-lat. 10 53 0 
R.A.of mer. WW 27 45 Sum ll ad 
CapellasR.A. 5 & 34 Dif. 3 8 44 
» HA. 5 19 IW. A@+ 42 32 24 
r (p—ly 1 3h at 

2 39 355 ba 





2 
In ara 39° 63’ 62 





Formula— : 
= 008. $ (P—?) 4 P b(Z—X) = BRO —* cop P 
Tan. 4 (2+ X) = ost PFT} cot. = Tan. } (Z~ 2 din. (EP) cot. | 


Z, Z, the azimuth = 4 (Z 4+ X) +1 (Z~ X) 


£(D +1) 42° 32’ 24” Sec 1013266 0. we Cw SC. SS (Caesec. 10-16997 
a ip—!) 1 34 24 Cos. 999984 2 2 st Sin. 8-43910 


g 39 53 52 Cot. 007773 « 4+ + + + Cot. 0-07773 
4(Z4+X) 58 21 30 Tan. ra-21023 4(X—Z) 2° 47’ Tan. 8-68680 
a(Z2 +X) 58 21r 30 
Z=N. or 8 30 W. Capella's true bearing. 
N. 64 30. oW. » Bearing by compass 


Err. of Comp. 3 21 30E. 
Var. 36 40 OW. 





Devy.40 x 30E. 


Explanation of Fig. a. 


N 
NWSE _ Rational horizon. 
NZS Observer's meridian. 
WZE Prime vertical. 
WQE — Equinoctial. . | 


PX Polar distance. 

PZ Co-latitude w I & € 
ZX Zenith distance. 

P Hour angle. 


x Position of Capella. 
PZX The Azimuth. 
The small circle is Capella’s parallel of declination, 
and shows that the star is circumpolar. + 
Fig a. 


N.B.—The prob‘ems here given are only worked to the nearest half-minute of are. 
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Examples for Practice 


Example 1.—August t2th, at rrh. 56m. 50s. mean time at Greenwich by 
chronometer (corrected) ; lat. 31° 49’ N., long. 17° W., Benetnasch (7 Ursa 
Majoris) bore by compass N. 19° 30’ W. Find the star's true azimuth and 
the error of the compass ; also, the variation being by chart 30° 30’ W., find 
the deviation and the true course, which was E.S.E. by compass. 


dns. Star's T. Az. N. 49° 43’ W.; Err. of comp. 30° 13’ W. ; Dev. 
0° 17’ E.; True course N. 82° 17’ E. 


Example 2.—March 3rd, at 2h. 2m. a.m. mean time at ship ; lat. 15° 42’N., 
long. 85° 10’ E., @ Centauri bore by compass S. by E. Find the star's true 
azimuth and the error of the compass; also, the variation being 1° 40’ E., 
find the deviation for the direction of the ship’s head. 


Ans. Star’sT.Az. S$. 13° 12’E.; Err. of comp. 1°57’ W. ; Dev. 3°37’ W. 


Example 3.—January 3rd, at about 5h. a.m. ship time; lat. 0°, long. 
29° 15’ W., when the chronometer indicated 6h. 40m. 20s. which was 
3m. 40s. slow for Greenwich mean time, Pollux (8 Geminorum) bore by 
compass N. 64° 30’ W. Required the star’s true azimuth, and the error of 
the compass; also, if the variation is 16° W., find the deviation and the 
true course, the ship heading S. 4 E. by compass. 

Ans. Star’sT.az.N.58°7’ W.; Err. of comp. 6° 23’ E. ; Dev. 22° 23’ E.; 
True course S. 0° 45}’ W. 


Example 4.—June 29th, at about 1rh. p.m. ship time; lat. 47° 29’ 21" S., 
long. 160° W. Find the true bearing of « Gruis when the chronometer indi- 
cated gh. 2om. os. which was correct for mean time at Greenwich ; also if 
the star bore S. 67° E. by the compass, and the variation is 13° 30’ E. by 
chart. Required the error of the compass, and the deviation for the direction 
of the ship's head. 


Ans. T.Az.S.61° 51’ E.; Err. of comp. 5°9’ E.; Deviatiom 8° 21’ W. 


Example 5.—July 22nd, at rh. 4m. a.m. apparent time at ship; lat. 
68° 42’ N., long. 19° W., the sun bore by compass N.E. Required the true 
azimuth of the sun ; and if the deviation for the direction of the ship’s head 
was known to be 10° E. Required the variation of the compass. 


Ans. T. Az. N. 14° 59’ E.; Var. 40° 1’ W. 
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All azimuths can be worked out, expeditiously and with few figures, 
by Tables A, B and C: they are the A, B and C (Azimuth) Tables of 
Rosser’s ‘‘ Stellar Navigation.” Thus, the Azimuth of Capella as given 
is briefly found as follows :— 


Table A for lat. and hour angle gives — ‘21 
B for dec}. and hour angle gives + 1-06 


+ 0°85 








And in Table C + 0-85 under lat. 49° give Capella’s True Azimuth N. 61° W. 


N.B.—Azimuths and Amplitudes of Celestial objects whose dec. does not exceed 23° N or S. 
are usually found by ‘' Inspection '’ from Davis's and Burdwood's Azimuth T«bles, when the 
dec. exceeds 23° use the above-mentioned, A, B and C Azimuth Tables in Norie’s Nautical 


Tables. 


To obtain the true bearing of an object with the aid of the sextant, when 
the object is on the horizon. 


The diagram is on the plane of the 
horizon, 

P ZX or N A is the Sun’s azimuth, 

O is the object whose true bearing is 
desired, 

X is the position of the sun. 

Having the time, latitude and declina- 
tion, the time azimuth is computed: thus 
the angle N Z X is known. 

At the same time measure the distance 
O X with the sextant, and take the sun’s 
altitude. When the object is on the 
horizon Z O=g0°, Z X =zenith distance and O X the distance as 
measured by the sextant (£ the semidiameter), from which the ang]: 
O Z X may be computed by the following formula :—~ 





In the quadrantal spherical triangle O Z X, the quadrantal side being O Z, 
given side O X, and side Z X to find angle O Z X. 


Cos.O X = sin. ZX x cos.0 ZX 
”.Cos. OZX =cos.OX +sin. ZX 


And the true bearing of O=NZX—OZX. 


In practice, the best way to find the true bearing of a point, if the sun's, 
alt. is not observed, is to measure the horizontal angle between the sun and 
the required point by the “ Pelorus,” and apply it to the sun's true bearing 
taken from the Azimuth Tables; the result will be the true bearing of the 


point observed. 
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BY ALTITUDE-AZIMUTHS 


The Observation.—Any heavenly body (sun, moon, star or planet) may 
be used in this problem ; and the method is the same for each. Take several 
bearings of the celestial object with the Standard Compass, bisecting it 
each time if it have a sensible disc, taking its altitude simultaneously, and 
also noting the times with a watch. The mean of the bearings is the 
compass azimuth ; the mean of the set of altitudes is the corresponding 
observed altitude; and the mean of the times is the corresponding watch 
time of the observation. 


As a general rule, an object should be selected which is relatively low in 
altitude (say from 20° to 40°), not only that, in being seen through the 
sight vanes directly rather than by reflection, the compass azimuth is 
more reliable, but because the condition is more favourable for a reliable 
true azimuth. 


For the Computation—Whatever celestial object you use, you require 
the polar distance of the object, the latitude of the place of observation, 
and the altitude of the object. 


RuLe.—1. For the Greenwich Date, and the Declination of the heavenly 
body.—With the time at ship and longitude, find the corresponding time at 
Greenwich ; and to that Greenwich time reduce the object’s declination, 
taken from the Nautical Almanac. The mean time at Greenwich by chrono- 
meter can be advantageously used for the correction of the Nautical 
Almanac clements. 


2. For the Polar Distance-—Subtract the corrected declination from 
go° when latitude and declination are both N., or both S. ; if latitude and 
declination are one N. and the other S. add go® to the declination. For 
latitude 0, subtract declination from go, thus assuming the latitude and 
declination to have the same name. 


3. For the True Altitude correct the observed altitude as required. 


4. For the True Azimuth.—Add together the polar distance of the object, 
the latitude of the place, and the true altitude of the object ; divide the sum 
by 2, for the half-sum, and take the difference between this half-sum and polar 
distance. 
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* Then, add together the— 


secant of the latitude. 

secant of the altitude, 

cosine of the half-sum, and the 
cosine of the difterence. 


The sum of these four logarithms is the log. haversine of the true 
azimuth, that is— 


Formula— 
Hav. Z = £08: 5 % £05. (s — p) where an +4 +p 
cos. @ X cos.t 
a= Alt. 
¢ = Lat. 
pP = Polar dist. 


and substituting the reciprocals of cos. a and cos. ! we have 
Hav. Z = sec. @ X sec. / X COS. $ X cos. (S— fp) 
and 
Log. hav. Z = log. sec. a + log. sec. / + log. cos. s + log. cos. (s —p) — 39 


The true azimuth is named from south towards E. or W. in north latitude, 
and from north towards E. or W. in south latitude. 


East with an increasing altitude. 

West with a decreasing altitude. 

If the true and the observed azimuths are not of the same name make 
them so by subtracting one of them from 180°. 

When on the Equator and the declination N., name azimuth from S. ; 
with declination S., name it from N. 

When the latitude and declination are both o, the object is moving in the 
prime vertical, and will be érue east while the object's altitude is increasing, 
and érue west when it is decreasing. 


5. To find the Ervor of the Compass.—Under the trve azimuth write the 
observed azimuth or bearing, both reckoned from the same point, N. or S. 
If both are E., or both W., take their difference ; if one is E. and the 
other W., take their sum ; the result in each case will be the error of compass. 
Then, looking from the centre of the compass— 


Name error E. if the true is to the right of observed azimuth. 


Name error W. if the true is to the left of observed azimuth. 
a 


Tn the atagrams the point A’ represents the observed azimuth, so that it is instantly seen 

whether ee true (A) is to the right or left of the observed (A’). 
6. To find the Deviation of the Compass.—Under the error of compass 

write the variation, and proceed as directed in the Amplitude Problem. 
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Example.—January zoth, at 6h. 23m. a.m. mean time at ship; lat. 
50° 42’ S., long. 30° 15’ W., the sun’s bearing by compass was 5S. 35° 30’ E. 
Observed altitude of the sun’s lower limb was 17° 7’ 45”; height of eye 
27 feet. Required the true azimuth and error of the compass; and the 
variation by chart being 34° 30’ W., find the deviation of the compass for 
the position of the ship's head. 








D OH. OM. Jan. 3 
M.T. at ship, Jan. 20th 6 23a.m. 2o0th,sun’sdecl (N.A.p.II.)20° 4’ 1°S. 
12 0 32°79 X36 = + 4£ 58 
9s » I9d 18 23 Corr.decL 20 5 59S. 
Long. in time 2 1W. go 
MT. atGr.,,, 19d. 20 24 P.D. 69 54 r 


Sun's dec! corrected for 3h. 36m. 
before noon of zoth, 


Sun’s obs. alt. 17° 7’ 45° 
Dip 5’ 5”! 





Ref.3 45 § 9 
16 59 36 

Semid. + 16 [7 

Par + 8 





T. alt. 17 16 & 


Formula— 
Hav. Z m 00-5 93: ($ ~ P)heres a 2th +P 
cos, / cos. a 2 


Sun's P.D. 69° 54’ 1 
Lat. 50 42 o Sec. 10:198335 
Alt. 17 16 4 Sec. ra-020028 
I 








Sum 137 52 2 
sori-sum 68 56 Cos. 9°555638 
o 





(P.D. ~ }-sum) o 58 Cos. 9°999938 
T. azimuth N. 100° 52’ E. Hav. 9-773939 N 
180 N 
» SS 79 8 E F 
- Obs. az. S. 35 30 E. 
Error of comp. 43 38 W. 


Variation 34 30 W. WS 


Deviation 9 8 W. 


Explanation of Fig. 1. 


N W SE Rational horizon. 
NZS Observer's mer. The large fig. shows that the error is W- 
w ZE Prime vertical. because A is to the left of A’. 
Zz QE cee In the small fig.— 
P Pole. N Tre N. 
xX Position of sun. NV Vanation. 
I Latitude. NE Error of compass. 
v Co-latitude. VE Dev. 
z Zenith dist. Dev. = Error of compass — variation, and 
a Altitude. 7 is W. because the error is to the left 
p Polar dist of the variation. 
NZA 
or } True azimuth. 
PZX 
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Example-—March 16th, at about rzh. p.m. at ship in lat. 35° 45’ N. the 
observed altitude of the star Dubhe east of the meridian was 24° 12’ 30”, 
bearing by compass N. 20° E.; height of the eye 20 feet. Required the 
star's true azimuth and error of the compass; if the variation is 12° W. 
what is the deviation of the compass for the direction of the ship’s head ? 














Star's obs. alt, 24° 12’ 30” Star's decl. 62° 20’ 43°N. 
D.p. — 4 23 go 
24 8 7 P.D 27 39 17 
Ref. — 2 7 
True Alt. 24 6&6 Oo 
Formula same as above. Explanation of fig. same as Fig. r 
P.D. 27° 39’ 17 
Lat. 35 45 Sec. 10-090672 
T. alt. 24 6 oO Sec. 10-039608 
Sum 87 30 17 
d-sum 43 45 8 Cos. 9-8 58740 
Rem. 16 5 51 Cos. 9:982029 
Tr. Az. S. 150° 53’ E. Hav. 9'971649 
180 eg 
» N. 29 7 E. y F 
Obs.az.N. 20 o E. 
Err, of comp. 9 7 E. 
Var. 12 o W. 
Dev. 21 7 E. 
Fig. 2. 
In the large fig. In the small fig. 
NA _ True az. N True N. 
N A‘ Comp. az. NV Variation. 
NE Error of compass. 
The error is E. because A is to the right VE Dev. 
Dev. = Error + variation, and is E, be- 


of A‘. 


Cause error is to right of variation. 


The hour angle is not required to find the Alt. Az. of a star by calcu- 
lation, but it would be required to construct the fig. to scale and can 
be found by finding the R.A.M. and thence the Stars H.A. 


Example.—October 5th at about 7h. 30m. a.m. at ship; lat. 26° 54’ N., 
long. by dead reckoning 168° E.: the observed altitude of the sun’s lower 
limb was 18° 52’ bearing by compass east ; height of eye 23 feet; time by 
chronometer 7h. 56m. 5s., which was 15m. 51s. (allowing error and rate) 
slow on mean time at Greenwich. Required the longitude, and error of 
chronometer on apparent and mean time at ship; also find the true 
azimuth and error of the compass, together with the deviation for the 
direction of the ship's head by compass, the variation by chart being 


9° 40° E. 


D. oH. M. DH OM 8 
T.atship,Oct.5 7 30am T. by chron., Oct.4 7 56 5 
¥" 4d. 1930 Slow + 15 51 
Long. um 12 £E MT.atGr, ,,,, 8 11 56 

8 418 
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a. 68. 
Oct 4th, sun's decl. (N.A. p. IT.) 4°26" 6° Ss. Eq. of T. (N.A.p. IL) rr 18-98 
57°9 x 82 7 54:8 0756s. x 82 + 6-20 
Corr. decl. 4 34 o€S. Corr.eq.of T.— 1 25°18 
N.P.D. 94 34 08 
Forn:ula— 
cos, s sin.(s—a) 
Hav. P= ee 
cos / sin. p Formula— 
‘ 2 gat oF . 
Sun s obs. alt. 18° 52° o Hav. 2 = C08: $608 (5 ~ Pp) Ghecerivaet ‘+p 
Dip. 4° 427) 28 cos. /cos. a 2 
Ref. 2 46! 7 
1B 44 32 
Semid. + 16 2 
Par + 8 
(a) T. alt 19 Oo 42 Bo a Wik To ig ges Sec 10:02436t 
(i) N. lat 26 54 Sec. 10°049734 Sec = 10'047 34. 
(@) N.P.D. of 34 =F €o-sec. ro-00138t 
Sum ryo 28 43 
(s) 4-ssum 7o 4 22 Cos. 97529933 Cos. 9°529033 
(s~a) 5€ 13 40 Sin. 9°891895 
(s~p) 24 19 39 Je so ROS ee Cos. 9959676 
H. M.S. 
P 4 23 «56 Hav. Q°472043 Hav. 9:562744 
d. 24 
App. T. at ship, Cct.4 19 36 4 
Eq T. — tt 25 ZorT. Az. S 74° 23'E. 
M.f at ship .. .. 19 24 39 (East) S. go of E. 
MT. Gr, 4 4, 8 tf 56 Error of comp. (5 37 &. 
Long. in time rr 2 43 Variation 9g 40 E. 
Long. 168° 10° “45°E Deviation § 57€E. + 
1 om. Ss. H MS. 
App. T.atship 7 30 4 M.C at ship 7 24 39 
T.bychron. 7 50 5§ . . «1 © 2 we we ar Fee 7 50 5 
Chron. fast on A.T.S. 20 ¢ Chron. fast on M.T.S 30 26 
N 
In the large fig. 
SA = True az. 
SA’ = Comp. az. 
The error is E. because A is to the right ot A’. 
Ww . 
Pe ery 
In the small fig. Q oS 
x 
N True North. A 
NV Variation. 
NE Error of compass. Nv ‘ 
VE Dev. 
Dev. = Error of compass — variation. and is E. F S 
because the error is to the right of variation. pBie8 
Explanation of Og. sime 33- 
Fig ct. 
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The formuja when using the zenith distance and co.-lat., is as follows: 


»Z _ sin.s. sin. (s~) _, z+ +p 
S20 ee aig See ee Oe 


z = zenith dist., /’ =co-lat., and p = polar dist. 


Cos, 2 = /sin. s sin. (s = ?) 
2 sin. z Sin. 


And substituting the reciprocals of sin. z and sin, ?’ we get, 


Z : ‘ 
Cos. 5 = sin. s sin. (s ~ p) co-sec. z co-sec. 2” 


and 
Log. cos. 2 an} {L. sin. s+ L. sim (s ~ £) + L. co-sec. x 4- co-sec. rv —20} 


In the spherical triangl: P Z X, fig. 3, given the three sides ~, F and z 
‘to find angle Z, the azimuth. Using the above formula we get the follow- 


ing result— 


Lat. 26° 54’ Alt. 19° 0’ 42° Polar Dist. 94° 34° 1 
go 00 go 0 0 
Co.-lat. 63. 6 Zen. dist. 70 59 18 


p 94° 34’ 1° 
l’ 63 6 oO Cosec. 10:049734 
z70 59 18 Cosec. 10°024360 

2)228 39 19 
$14 19 39 Sin. 9°959416 
S~p 19 45 38 = Sin. 97529933 
2)19°562743 
. 52° 48’ 34” Cos. 9°78137% 

2 








2 


Zor Az. N. 105 37 8E. 
or 
S. 74 22 52E. 


N.B.—When using the sides of the triangle the azimuth is always 
reckoned from the elevated pole. 
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Examples for Practice 


Example 1.—January 31st at 4h. 29m. Ios. p.m. mean time at ship ; 
lat. 37° 8’ S., long. 40° 18’ E., the observed altitude of the sun’s lower 
limb was 30° 48’ 40” bearing by standard compass N. 50° 30’ W.; 
height of eye 2x feet. Required the sun’s true azimuth and error of the 
compass; also, the variation being 28° 30’ W., find the deviation for the 
direction of the ship's head. 


Ans. T. Az. N. 88°51’ W.; Err. of comp. 38°21’ W. ; Dev. 9°51’ W. 


Example 2—February 26th at 7h. tom. 30s. a.m. mean time at ship; 
lat. 56° 48’ S., long. 136° 7’ E.. the observed altitude of the sun’s lower 
limb was 15° 5’ 10” bearing by standard compass E. 1° 30’ S. ; height 
of eye 26 feet. Required the sun's true azimuth and error of the compass ; 
also, the variation by chart being 3° 30’ E., find the deviation for the direc- 
tion of the ship’s head. 


Ans. T. Az. N. 82° 49’ E.; Err. of comp. 8° 41’ W.; Dev. 12° 11’ W. 


Example 3.—April 15th at 8h. 26m. a.m. mean time at ship ; lat. 40° 59’S., 
long. 29° 40’ W., the observed altitude of the sun’s lower limb was 19° 10’ 20” 
bearing by standard compass S. 87° 30’ E. ; height of eye 18 feet. Required 
the sun’s true azimuth and the error of the compass ; also, the variation 
by chart being 7° 40’ W., find the deviation for the direction of the ship’s 
head. 


Ans. T. Az. N. 57° 2’ E.; Err. of comp. 35° 28’ W.; Dev. 27° 48’ W. 


Example 4.—August 23rd a.m. at ship ; Jat. 37° 40’ N., long. 144° 52’ W., 
when the chronometer (corrected for error and rate) indicated mean time 
at Greenwich August 23d. 6h. 17m. 33s. (Astronomical time), the sun's 
observed altitude was 37° 15’ 40” bearing by compass S. 74° 30’ E.; height 
of eye 20 feet. Required the sun’s true azimuth and error of the compass ; 
also, the variat'on by chart being 15° 20’ E., find the deviation for the direc- 
tion of the ship's head. 


Ans. T. Az.S.73° 49)’ E. ; Err. of comp. 0° go}’ E.; Dev. 14°39} W. 


Example 5.—May 5th at 6h. 52m. a.m. apparent time at ship; lat. 
39° 40’ N., long. 140° 41’ W., the observed altitude of the sun's lower limb 
was 20° 14’ 40” bearing by compass E. 1° 30’ N.; height of eye 23 feet. 
Required the sun’s true azimuth and the error of the compass, also the 
variation by chart being 18° 30’ E.. find the deviation for the direction of 
the ship's head, which being a N. W. course by compass, give the true course. 


Ans. T.Az.N. 85°17’ E.; Err. of comp. 3°13’ W.; Dev. 21° 43’ W.; 
True course N. 48° 13’ W. 


Example 6.—November 17th at about 4h. 22m. p.m. at ship; lat. 
6° 15’ N., long. by dead reckoning 158° 30’ E., the observed altitude of the 
sun’s lower limb was 17° 6’ 50” bearing by standard compass S. 64° 40’ W. ; 
height of eye 24 feet ; time by chronometer 6h. 2m. 56s. which (allowing 
for error and rate) was 15m. 23s. fast on mean time at Greenwich. Required 


e 
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the longitude, together with the sun's true azimuth and the error of the 
compass ; also, the variation by chart being 7° 20’ E. at the ship's position, 
find the deviation and the true course, the ship's compass course at the time 
being N.W. 
Ans. Long. 158° 41’ 30" E.; T. Az. S. 67° 514’ W.; Err. of comp. 
3° 11} E.; Dev. 4° 8} W. ; True course N. 41° 48)’ W. 
Example 7.—January 1st at about 7h. 26m. p.m. at ship; lat. 49° 42’ N,, 
long. by dead reckoning 14° W., the observed altitude of Pollux (8 Gemi- 
*norum) was 26° 4’ bearing by standard compass N. 78° 30’ E.; height 
of eye 28 feet; time by chronometer 8h. 30m. 20s. which was (by error 
and rate) gm. 56s. fast on mean time at Greenwich. Required the long)- 
tude, together with the star's true azimuth and the error of the compass ; 
also, the variation by chart being 25° 40’ W. at the ship's position, find the 
deviation and the true course, the ship’s compass course being E. } N. 
Ans. Long. 13°40’ 30" W.; T.Az.N. 70’ 25’ E.; Err. of comp. 2°5’W.; 
Dev. on E. } N. = 23° 35’ E.; True course E. 4° 54’ N. 


Example 8.— January rith at about 5h. 15m. p.m. at ship ; lat. 48° 27’ N., 
long. by dead reckoning 28° W., the observed altitude of Vega (a Lyra) was 
28° 1’ bearing by standard compass N. 27° 30’ W.; height of eye 26 feet; 
time by chronometer 6h. 53m. 56s. which (allowing for error and rate) 
was 6m. 56s. slow on mean time at Greenwich. Required the longitude, 
together with the star’s true azimuth and th: error of the compass; also, 
the variation by chart being 32° 30’ W. at the ship's position, find the 
deviation and the true course, the ship’s compass course at the time being 
N.W. by W. : % 


a Ans: Long. 28° 12’ 45" W. ; Star's T. Az. N. 62° 6’ W.; Err. of comp. 
34° 36’ W.; Dev. 2° 6’ W.; True course S. 89° 9’ W.; or about W.1°S. 


LONGITUDE BY CHRONOMETER 
(z) BY SUN’S ALTITUDE; or (2) BY STAR'S ALTITUDE 


Longitudes at sea are determined by computing the hour-angle of a 
heavenly body the altitude of which has been measured by a sextant, and 
through this hour angle obtaining the local time for comparison with the 
Greenwich time by chronometer. 


Thus longitude becomes the difference between time at place and time 
at Greenwich at the same instant. 


The Greenwich time is ascertained from the chronometer, which has pre- 
viously been regulated, and its error and rate tabulated; the daily rate 
being properly applied gives the Greenwich time at any instant. 


In determining the local time by means of the object’s altitude above 
the sea-horizon let the time be noted by watch. For greater precision, 
observe several altitudes in quick succession, noting the time of each, and 
take the mean of the altitudes as corresponding to the mean of the times. 
But in taking the mean of several observations in this way it must not be 
forgotten that we assume that the altitude varies in proportion to the time, 
which is theoretically true only in the exceptional case where the observer 
is on the equator and the object's declination is zero. [t is, however, prac- 
tically true for an interval of a few minutes when the heavenly body is not 
too near the meridian. 


Best Position of a Heavenly Body for determ'ning the Tim: at Place by an 
Altitude of the object.—When the azimuth of the heavenly body is go°; that 
is. when it is on the prime vertical, bearing érue east or west ; the error in 
tim will be the least possible, since, for an object in that position—(1) it rises 
and falls fastest, allowing its altitude to be observed with the greatest pre- 
cision ; also (2) the error in the hour angle, corresponding to a small error 
in the altitude, is least ; and (3) the error in the hour angle, corresponding 
to a small error in the latitude, vanishes. 


But no object can reach the prime vertical unless its declination is of the 
same name as the latitude of the place, and even then observations when th: 
object is nearly east or west must not be carried so far as to include obser- 
vations at very low altitudes where anomalies in the refraction may produce 
serious errors. 


Tables giving the time when an object is on the prime vertical, that is, 
when it bears east or west, and its altitude thereon, are given towards the 
end of Norie’s Nautical Tables. 


-When the latitude and declination are of opposite names the ubject 
will not be on the observer's prime vertical, but will be nearest ro it when 
rising or setting ; therefore the altitude should, in this case, be taken as 
soon as it exceeds 10° or r2?. 
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For the Sun, when you are in the opposite hemisphere, it is not 
practicable to observe in the most favourable position, hence choose the 
position as near to it as possible, but not too low; and remember that, 
generally, for any object, throughout the interval bet'vzen the best position 
and the meridian the nearer the object is to the meridian the more 
unfavourably is it situated for the purpose of computing the time from 
an altitude. In the tropics, with latitude and declination of same name, 
proximity of the sw to the meridian has little effect on the hour angle. 


The stars and planets are good objects at éwilight and dawn, and the 
moon by day when in a favourable position. 


Longitude by Chronometer and Sun’s Altitude. 


RuLeE—1. Take any odd number of altitudes of the sun, with the 
corresponding times by chronometer; take the mean of the altitudes, and also 
of the times, 7.¢., take tie sum of each and divide by the number of observations. 


At sca, the first thing to note is—does the time by chronometer require 
to be increased by 12 hours, in order to express the Greenwich time 
astronomically ?—Your ship time and longitude will indicate this (see p. 233). 


2. For the Greenwich Date, mean time.—To the mean of the times 
ascertained as above (par. 1), and expressed astronomically, apply th: 
original error, by addition if slow, by subtraction if fast. 


Then multiply the daily rate by the number of days and parts of a day 
that have elapsed since the original error on Greenwich was determined ; 
the product, which is called the accumuiated rate, being added to the above 
sum or remainder, if the chronometer be losig, or subtracted from it if 
gaining, the result will give the mean time at Greenwich, for which ail the 
elements from the Nautical Almanac must be corrected (see also pp. 124-0). 


3. For the Declination—Take the declination from the Nautical 
Almanac, p. II. of given month, and correct it (by Var. in rh. p. I. of 
Almanac) for the Greenwich date, mean time (sce p. 235). 

For the Polar Distance.—Subtract the corrected declination from go° when 
latitude and dectination are both N., or botn S.; if latitude and declination 
are one N. and other S., add go° to the declination. For latitudeo, subtract 
declination from go”. 

4. For the True Altitude, correct the mean of the observed a!titudes for 
dip, semidiameter, refraction, and parallax (see p. 254). 

5. For the Equation of Time.—For the given day take the equation from 
Nautical Almanac, p. II. of month; also take “ Var. in rh.” for same day 
from p. I. of month; multiply the ‘' Var. in th.” by the hours and tenths 
of Greenwich time for the correction of equation (see p. 239). 

Also, take special notice, on p. I. of Nautical Almanac of the day, when 
the equation changes; in the column the change is marked by a strong 


add. sub 

dash and at top thus 25° OF aad. 
6. For the Hour Angle. Write down in succession the true altitude, the 
latitude, and the polar distance. Take the sum of these quantities, which 
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divide by 2, for the half-sum; lastly, subtract the true altitude from the 
balf-sum for the remainder. 


Then add together— 
The secant of the latitude (Table Log. Sines, Co-sines, etc.). 


» co-secant of the polar distance, Pe 
» cosine of the half-sum, and 5 
» sine of the remainder. “3 


The sum of these four logarithms (rejecting fens in the index) will be the 
L Haversine of the hour-angle, 1.e., distance of the object from the 
meridian, in time. , 


7. For the Apparent Time at Ship.—lf the altitude was observed in the 
forenoon, 4.e. a.m. at ship, subtract the hour angle from 24 hours and before 
the remaind2r write the astronomical ship date, which will be one day less 
than the civil date; or, to save subtracting from 24 hours, take the hour 
angle from the bottom of the Table. 


For an altitude in the afternoon, i.c. p.m. at ship, the hour angle is the 
correct time, before which write the ship date unaltered :— 


And thus you have the ship date, apparent time or the apparent time 
at ship. 


8. For the Mcan Time at Ship.—Under the apparent time at ship write 
the equation of time, which is to be added or subtracted as directed in 
Nautical Almanac, p. I. of given month. The result will be the mean 
time at ship. 


g. For the Lougitude.—Under the ship date, mean time, write the Green- 
wich date, mean time; take the less from the greater, remembering that 
the value of the days in each must be considered as well as the hours, The re- 
mainder will be the longitude in time, which turn into ..° ..* ..”, and 
pbame— 


East if Greenwich date, mean time, is less than ship date, mean time 


West if Greenwich date, mean time, is greater than ship date, mean time. 


10. Comparison of Ship Time and Time by Chronometer.—Now, if it be 
required to find the error of the chronometer upon apparent or mean time 
at ship, it is only necessary to bring down the mean of times shown by such 
chronometer at the time of observation, and the difference between that 
time and the apparent or mean time at ship will be the error, fast or slow 
of ship according as the time by Chronometer is greater or less than the 
ship's time. 


The rare occasions on which the ijatitude is 0° and the declination of the 
object is 0, the zenith distance converted into time is the hour-angle. 
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Example 1.—May igth at about 3h. p.m. at ship ; in long. by D.R. 56° W. ; 
the following altitudes of the sun’s lower limb were observed, with the 
corresponding times by chronometer, which was fast 3m. 18s. on Greenwich 
mean noon on May Ist and gaining 7-°8s. per day : 

At noon the latitude by sun's meridian altitude was 41° 31’ N., since 
which time the ship had run N.W } N. (¢vue) 31 miles ; height of eye 18 teet. 

Required the true longitude. 











OH M 
Ship time. May 19 30 ‘ , 
; Green. time agrces approximately 
D.R, long-1n Hime —_3 44 My with time by vhron. 
Approximate Green time, May 19 6 44 
Time by « hron. Obs. alt. Sun's L.L. 
HM os 
6 58 40) ne eanecneeee 44° 7° 10" s 
6 59 36 ww ewer ennne 43 57 20 Daily gain 7-3 
TO Scene eereeeee 43 44 35 Days from May I-19 18) 
Sum’ of times 3)20 59 7 Sum ot aits. 3)131 49 5 624 
Mean of times 6 59 42 Mean of alts. 43 56 22 78 
Original error — 3 18 Dip — 49 60)140°4 
6 56 24 43 52 13 Gain in 18 days 2m. 20°43. 
Accum. rate — 2 23 S$.D. + 45 50 Gain in 7 hours + 2°35. 
M.T.G., May 19 654 44 8 3 Accum. rate 2m. 22-79. fast 
Ref and par, — 53 
Tr. alt. 44 7 to 
k Ss. M. B 
Eq. of time (p. If N.A.) 3 44°6 Sun's decl. (p. If. N.A.) 19° 49’ 10° N. 
a-128. x Goh. = — 0-8 


32" x Goh. = + 3 4! 
Sun's decl. at Green. M.T. 19 52 51 N. 
go 
Sun‘s polar distance 70 7 9g 


Equat. at Green. M.T. = 3 43°8 


Latitude of ship at noon 41° 31’ N. 
Diff. lat. (N.W. }N. 31m.) = + 23 N. 


Lat. when sights were taken 41 54 N. 


Formula— Hav. P - 
cos. / sin. p 
and substituting the reciprocals of cos. / and sin. p 


we get hav. P = sec. /, co-scc. , cos. s, sin. (s—a) 
Log. hav. P = log. sec. 2 + log. co-sec. p + log. cos. s + log. sin. (s-—«) — 30 


where / = the latitude,a = alt., p = polardist., s = dame OO 





2 

Sun’s true altitude 44° 7’ 10” 

Ship's latitude 4r 54 0 Sec. 0-128245 

Polardistance 70 7 9 Co-sec. 0:026686 
Sum 156 8 19 

$sum 78 4 9 Cos. 9:315405 

Remainder 33 56 59 Sin. 9:746996 

H. M.S. —_— 

App. T. at ship, 19d. 3 It 42 Hav. 9217332 

Equat.oftime — 3 44 


M.T. at ship, May r9d- 30-7 «58 
M.T. at Green., May 19d. 6 54 TI 


Longitude in time 3 46 3 = 56° 30’ 45” W. long. 
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EXPpLaNATION OF Fig, 1. 


‘ThecirleN WS E Rational Horizon. 
WZE _ The Prime Vertical. 
WQE = The Equinoctiai. 

NZS Meridian of Observer. 
PX {p) Polar distance. 

ZX (2) Zenith distance. 
PZ(l’)  Co-latitude. 

ZQ() The Latitude. 
XA (a) The Altitude. 

ZPX Hour angle. 

PZX  Theazimuth. 





Fig. t. 
Using the sides of the spherical triangle Z P X proceed as follows: 


Example 1a.—In the spherical triangle ZPX, Fig. 1, given z = zenith 
distance, /' = co-latitude, and p = polar distance to find 2 P— 


P __,/sin. s sin. (s — 2) z+U+6 
Cos. = ei ST 
(x) 2 Vv pa ee where s = = 


and substituting the reciprocals of sin. p and sin, 2’— 


(2) weget Cos. ‘ = +/co-sec. p co-sec. /’ sin. 5 sin. (s — 2) 
And 


| (3) log. cos. Pant flog. co-sec. p+ log. co-sec, l’-Flog. sin. slog. sin. (s—z)—20} 


In (1) and (2) the trigonometrical functions are Natural. 
In (3) the trigonometrical functions are logarithmic. 


Altitude 44° 7’ 10% 

z= 45 52 50 z 45° 52’ 50” 
V 48 6 00 cosec. 10°026686 
p 70 7 9 cosec. 10:026686 





Latitude 41° 54’ Sum 164 5 59 

@ 48 6 s 82 2 59 sin. 97995806 
———< s—2z 36 10 9 sin. 9770978 
ee ee 2)19°924715 
P 1 35 51 cos. 9:960857 

2 2 

4.P orapp. time at ship 19d. 3 II 42 

Equation of time — 3 44 


Mean time at shiprgd. 3 7 58 
Mean time Greenwich 19 6 54 +4 
3 


Long. in time 46 3 





4)226 3 «OOo 
5 Longitude in 56 30 45 W. 
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Example 2.—June 26th, at about 7h. rom. a.m. at ship; in long. by 
TD.R. 18° W.; the following altitudes of the sun’s lower limb were observed, 
with the corresponding times by chronometer, which had been found 3m. 48s. 
slow on mean noon at Greenwich on June 2nd and gaining 2°48. per day : 

The latitude at noon was 10° 45’ S., and the ship’s ¢vue course was E.5 E. 
with distance run 24 miles since the sights were taken : height of eye 24 feet. 

Required the true longitude of the ship at time of sights, and brought 
to noon. 

D. H. M. oO. H. Mt. 


Ship time, June 26 7 10a.m.=June 25 19 10 ) Shows the 8h. by chron. 
D.R. Jong. rizWw - must be 2oh. at Greenwich. 


Approx. Green. time, June 25 20 22 











Time by Chron. Obs. Alt. Sun's L.L. 
H. M. 5S. s. 
8 28 35 13° 38’ 30” Daily gain 24 
29 20 20 4§ Days from June 2 to, 
30 18 33 20 June 25, 73 
Sum of times 3) 88 13 Sumofalts. 3) 62 35 72 
Mean of times 8 29 24 Meanofalts. 13 20 52 48 
12 Dip. — 4 48 Gain in 23 daya 55:2 
20 29 24 3°15 4 Gain in 20h. 33m. + 2-8 
Original error + 3 48 S.D. + 15 46 Accum, rata 57- 39. fast 
20 33 12 13 30 50 
Accum. rate — o 57 Rei. and par. — 3 49 
M.T.G., June 25d. 20 32 15 Tr. alt. 13 28 1 Mu. 6S. 
Eq. of time (p. II. N.A.) 2 33-2 
O52 M&M 35b = -— 1:8 


Sun's decl. (p, II. NA.) 23% 22° 4° N, Equat. at Green. M.T. + 2 31°46 
5°1 xX 35h.=5 + 0 68 


Sun's decl. and Eq. 7 
Sun's decl. at Gr. M.T. 23 22 22 N. 4 acOt.T are corrected for 


34 hours before nuon of June 26th. 















go Latitude of ship at noon 10° 45° S. 
Sun's polar distance 113 22 22 Dif lat (ESE. 24m) = — 2S. 
Formula — Lat. when sights were taken 10 35-8S. 
cos. s sin. (s—a) a = Altitude 
= t 
Hav. P cos. fsin. p where s a tS+? i = Latitude 
* p = Polar distance 
Sun's true altitude 13° 28° ¢° ae r 
Ship's latitude 10 35 48 Sec. 0-074 70 
Polar distance 113 22 22 Co-sec, 0:037184 
Sum 137 26 If YO m2 eS 
$sum 68 435 Cos. 9°559856 / Q 
Remainder 55 15 4 Sin. 9- 9914690 W ‘ eH le 
it M s 
P 4 49 #45 Hav. 9519204 a 
24) - ‘x Z 
App. T. at ship, 25d. 19 #19 ES 
Equat. of time + 2 36 p 
: — 
M.T. at ship, 25d. 19 21 46 
MLT. at Greenwich, 25d. 20 32 I5 a a 


Longitude ia time r 10 2g9=17° 37’ 15° W. long at sights 
E.S.E. 24m.= Dep. 22°2=D. long. 22 30 E. 


17 14 45 W. long. at noon 
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Example 3.—November 3rd, at about 8h. a.m. time at ship, when the south 
point of Trinidad Island (S. Atlantic) in lat. 20° 31’ S., long. 29° 19’ W.,, 
bore N. 60° W. (true) distant 8 miles, sights were taken for verification of 
Position, and approximate error of chronometer as follows : 

Mean of times by chronometer was gh. 55m. 55s.; mean of altitudes 
of sun's lower limb 33° 9’ 10”; the chronometer was (allowing for error 
and rate) supposed to be 12m. 18s. fast on mean time at Greenwich : height 
of eye 24 feet. Find the approximate error of chronometer on mean time 
at Greenwich. 


Hence the gh, by chron. indi- 


Ship T. Nov. 3rd. 8h. om.a 
1 57 ° cates Green. time Nov, 2d. 21h. 


m. 
Approximate long. W. 
Approx. Gr. time ar 57 | 








. H. M.S. 
Mean of times by chron. 9 55 55 Mean of sun's alt. L.L. 33° 9’ 10” 
12 Dip — 4 48 
Nov. 2d. 28 55 35 33 $ 22 
Fast. —12t Semid. + 16 10 
M.T. at Gr. by chron. ,, 2d. 24 43 37 33 20 32 
Ref.— Par. — ¢€ 21 
Decl. is corrected for 2°3h. before noon of Nov. 3rd. Sun’s T.alt. 33 19 «1t 
S. point of Trinidad, tat. 20° 31°S. grd dect. 15° 8 54°65. 
Bearing N.60°W.8m.D, lat. + 45S. 46°8X23— ¢t 47°6S. M.S. 
Estimated lat. of ahip 2¢ 35S. Corr.decl. 15 7 #7 Ss. Eq. T.—16 20-9 
go . 
P.D. 74 52 53 
Bearing N. 60° W. 8m = Dep. 69 = 7°37 D. long. E. 
i a +fitr 
Formula— Hav. P= £033 sin. {s a) ites See 
cos. é sin. p 2 
T at. 33° 19° 11 
Lat. 20 35 0 Sec. 0028649 S. pt. of Trinidad, long. 29% 19° W. 
S.P.D. 74 52 53 Co-sec, 0°015298 D. long. 7-4 E. 
Sum128 47 4 Position of ship by bearing 29 rroW 
g}-sum 64 23 32 Cos. 9635693 
Rem. 3: 4 2t Sin. 9712753 x 
HL M.S. eee 
Sun's H.A. 3 58 19 Hav. 9°392393 
App. T. ship 2d. 20 1 4t 
Eq. T. — 16 26 


M.T. ship 2d. 19 45 20 
Long. 29° 116 oF 56 46 
M.T. at Gr. 2d. 21 42 6 

Time by chron. ,, 21 55 55 


Ghron. faston Gr. M.T. 13 49 





Explanation of Fig. 3 same as Fig. 1. 
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FOR THE TIME AT SHIP AND LONGITUDE BY AN ALTITUDE OF 5 
FIXED STAR, A PLANET, OR THE MOON 


ReMARKS.— When the hour angle of a heavenly body, or the time at ship, 
is to be determined by an altitude of a fixed star, or planet, or by the moon, 
the observation is the same as for the sun, already described on pages 419-420: 
the remarks there given also apply to the best position of the object, as 
well as to the taking of the mean of the times by chronometer or watch, and 
the mean of the altitudes. 

The same method is also to be adopted in finding the error of the 
chronometer on approximate and mean time at ship. 

For the irue Altitude.—The observed altitude must also be corrected as 
already indicated on p. 258 for a fixed star ; on p. 257 for a planet ; and on 
p. 256 for the moon. 

For the Mean Sun's Right Ascension, take out (from Nautical Almanac, 
p. II.) the sidereal time for the given date, and accelerate it for the 
Greenwich mean time: it is required for whichever object you observe (see 
also p. 247). 

The other elements to be taken from the Nautical Almanac, and 
corrected for the Greenwich date, are as follow: 

For a Fixed Star, the declination and right ascension are taken from 
the Nautical Almanac under the heading ‘‘ Apparent Places of Stars,” fora 
uiven day, no correction of these elements being required. 

For a Planet.—Turn to the Nautical Almanac under the heading of the 
given planet (Venus, Mars, Jupiter, or Saturn), and Greenwich mean time, 
where the declination and right ascension are given for every day, Greenwich 
mean noon, being hence a difference for 24 hours, you must correct it 
accordingly for the Greenwich date, mean time. 

The planet’s horizontal parallax is found under the heading of the given 
planct, ‘‘ at Transit at Greenwich.” ‘ 

Under the same heading, ‘‘ at Transit at Greenwich,’ you will also find 
the ‘‘ Var. of R.A. in x hour of Long.”’ and the “ Var. in Decl. in 1 hour of 
Long.’”’; these you can conveniently use for the correction of the given 
planet’s right ascension and declination, in the same manner as you use 
the ‘ Var. in r hour”’ in correcting the sun’s declination. 

For the Moon.—The declination and right ascension come from Nautical 
Almanac, pp. V. to XII., and have the “‘ Var. in 10m.” attached, through 
which each can be corrected for the Greenwich date, mean time (see p. 241). 
The moon's semi-diameter and horizontal parallax are given in Nautical 
Almanac, p. III., and require correctton for Greenwich date, mean time ; 
and also the first augmented for altitude (Table D.), and the second reduced 
for Jatitude (Table E.) in Norie’s Tables. 

* To compute the Object’s Hour Angle, or Meridian Distance in Time. 
—With the irue altitude, the latitude and the corrected declination, you 
find object’s hour angle as in the case of the sun (see p. 420). 

You require the Westerly Mcridian Distance.—If the object is west of the 
meridian the hour angle taken from the Haversine Table will be the westerly 
meridian distance, but if the object is east of the meridian subtract the hour 
angle from 24h. for the westerly meridian distance. 

"For the Mean Time at Ship.—To the object's westerly meridian dis- 
tance add the object’s corrected nght ascension ; the sum will be the 
right ascension of the meridian, or sidereal time of observation, from which 
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subtract the mean sun’s right ascension, borrowing 24h. if necessary; the 
remainder will be the mean time at ship, before which write down the day. 

For the Longitnde.—The difference (as before) between the mean time at 
ship and mean time at Greenwich (sce p. 421, paragraph 9) will be the 
longitude in time, which convert into arc. 

Another Method of finding the Longitude.—To the Greenwich mean time 
add the mean sun’s right ascension ; the sum is the sidereal time at Green- 
wich. The difference between the sidereal time at ship or right ascension 
of the meridian and the sidereal time at Greenwich, is the longitude in 
time, which convert into arc. 

Example 4.-—-January 5th, a.m. at ship, in lat. by D.R. 18° 17’ N., and 
Jong. by D.R. 55° 20 W.; the following altitudes of the star Procyon 
(« Canis Minoris) were taken when it was west of the meridian; the height of 
the eye 19 feet. The chronometer was 10m. 20s. slow of Greenwich mean 
time ; and the mean of times by ship's watch was 4h. 49m. 50s. a.m. 5th 
January. Reauired the longitude by chronometer. 








Time by chron. Obs. alts. Pro-yon. 
H. M. S. "WM. 6S. 
8 27 30 24° 44' 20° Sid. T. (N.A. p. IL) 18 56 10-9 
28 50 29 30 Accel. for 20h. 39m. 10s. 3 23°6 
30 10 14 10 Mean sun's R.A. 18 59 34°5 
3) 86 30 3) 88 oo 3 
Mean 8 28 50 Mean 24 29 20 M.S. 
12 Dip — 4 16 Equat. of T. 5th Jan. § 43:7 
Jan. 4d. 20 28 50 2425 4 L.I1s. X 3b. — 37 
Chron. slow + 10 20 Ref. — 2 6 Corr.equat. 5 40 
M.T. Gr. 4d. 20 39 10. Star's T. alt. 24 22 58 Star's decl. (N.A.) 5° 30’ 22” N. 
H.M. S. go 
Star's R. A. (N.A.) 7 33 32°8 Star's pol. dist. 84 29 38 
(See ; : 1 a = Altitude 
< cos. S. sin. (S—@ a i 
Fig. 4). Hav. P “= in. (s— 8) where S$ ere Latitude 
cos. £. sin. p 2 p = Poiar dist. 


and substituting the reciprocals of cos. / and sin. #, we get— 
Hav. P = sec. I. co-sec. p. cos. s. sin. (S— @) 
Log. hav. P = log. sec. J + log. co-sec. p + log. cos. s + log. sin. (s — @) — 30 
T. alt. 24° 22’ 58” 


Lat. 18 17 © Sec. 0-022497 
P.D. 84 29 38 Co-sec, 0:002008 


Sum 127 9 36 





s 63 34 48 Cos. 9648309 

(s~a) 39 11 50 Sin. 9800711 
HLM. S. : 

M's H.A.W. 9 4 24 27 Hav. 9°473525 


» RA 733.33 
Sid T. at ship 11 58 G 
Mean snn’s R.A. 18 59 35 


M.T. at ship 4d. 16 58 25 
M.T. Gr. ,, 20 39 10 


Long. in time 3 49 45 = 55° 11° 157 Ww 
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Example 4. By Direct Method. 


i i i iven si = zenith distance 
In the spherical triangle Z P X, Fig. 4, given side 2 = zenith dis ; 
side l’ = eo latitude, and side p = polar distance to find 7 P, the hour angle. 


P_ ,/sin. s. sin. (§ — 2) etereeca 2 U+p 
Cox 2 =V sin./.sin. p a 2 


Log. con aa Lie. co-sec. l’ +- log. co-sec. p + log. sin. s + log. sin. (s — 2) — 20} 
a7 2% 


Alt. 24° 22’ 58” z 65° 37’ 2° 
i i UoFt 43° «0 L. co-sec. 10°022497 
Pelgnee Usa one P 84 ps 28 L. co-sec. 10002061 
221 49 30 : 
Lat. 18° 17’ SII0 54 45 L. sin. 9°970406 
Co-lat. (/') 71 43 S—z 45 17 43 L. sin. 9851712 
2)19°846676 
. . s. pe 
F e 2 123 L. cos. 9'923338 
oe 2 é 


0 
= 


ao WP VRO Ww 
Oo OW 


> >rOTUT> 


> 
w 
2 
a 


*HourangleW. 4 24 246 
*RA. 7 33 33 


R.A.M. 11 57 576 
R.A.M.o 18 59 35g 


M.T. ship 4d. 16 58 22-6 
MT.G. qd. 20 39 10 


3.409 47°4 
60 


4)22um. 47 45. 
Longitude in 55° 11° 51x” W. 
EXPLANATION OF Fic. 4. 
Rational Honzon. 
The Zenith ot Observer, 
Prime Vertical. 
Equinoctial. 
Observer's Meridian. 
Polar distance. 
Co-latitude. 
Zenith distanca, 
Altitude. 
Latitude. 
Hour Angle. 


EXPLANATION OF Fic. 4a. 
Equinoctial. 
Celestia! Pole. 
Observer's Meridian. 
Meridian through Procyon. 
Star's Westerly Hour Angie: 
First Point of Aries. 
Right Ascension of Meridian (R A M) or 
Sidereal time of observation. 
Star’s Right Ascension. 
Right Ascension of Mean Sun (R A MO), 





2s ak 
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Example 5.—April 22nd, p.m. at ship, lat. by D.R. 42° 9’ N.; long. by 
D.R. r1r° 45’ West, when a chronometer which was 5m. 16s. fast for 
Greenwich mean time showed gh. 8m. q46s., the observed altitude of the 


star Arcturus (2 Bootis) east of the meridian, was 36° 53’ 30”, the error of the 
| instrument being 3’ ¢” to add, and the height of the eye 23 feet. 
Required the longitude of the ship. 





DH. M 5 
Ship T. by watch, Apr. 22 8 15 10 
Long. 47, 0W.~ 
Approx. ast. T. at Gr. 4 9 210 
H. M.S. 
Time by chron. Apr. 22d. g 8 46 
Chron. fast — 5 16 
M.T. at Green. 22d. g 3 30 
Star's obs. alt. 36° 53° 30” 
Index error + 3 90 
Corr. obs. alt. 36 56 30 
Dip — +4 42 
36 51 48 
Ref. — 1 (6 
Star’s true alt. 36 50 32 
go 
Stur’strue Z.D. 53 9 28 
z 53° 9° 28° 
Vvo47°>«§1 «90 Co-sec. 0°129953 
Pp 7O 14 46 Co-sec. 0-026340 
17t 15 I 
s 85 37 37 Sin. 9°998734 
t$—rz 32 238 9g Sin. 9-729850 
H. M. Ss. 2)19°88 4377 
P P 
2 3.55 25 Cas.= 9°942439 
P 3 50 5O0E. 
© H.A. 20 g 10 W. 
» R.A. 14 IO 40 
Sid. T. ship 10 19 50 
MSRA. 2 3 28 
MTS. 8 16 22 
M.T.G. 9 3 30 
47——«C«*88 
Long, 11° 47° oc W 
ExpPLanaticn o7 Fic sa 
The Circle Equinoctial. 
P Pole. 
A First Point of Aries 
AM R.A.M. 9 
AMQ R.A.M. 
AMQB R.A. of Arcturus 
PQ Observer's Meridian 
PB Meridian through Arcturus 
QPB Easterly H.A. of X. the object. 


Whenever the R. A. M. is less than the R 


object the H. 


A of the 
A. is Easterly. 


Sid. T (N.A.) (p. IL) 
Accel. for gh. 3m. 30s. 


Mean sun's R.A. 


Star's R.A. (N.A.) 
Star's decl. {N.A.) 
P.D 

Lat. 

€o-lat. 


Since ship time and long make Green. time 
gh.; the gh. by chron. are gh. 


Hw. SM. 
2 


nu 


t 
t 
3 
H. M 
14 10 39-8 
19° 45°14" N. 
7° 14 46 
42,9 0 

47 5! 





s 
8 
9: 
3 


niu oo 


Be 


$5 


° 


[Formula same as last problem.] 





Fig ¢ 


Explanation a/ Fig. 5 sams as Fig. t, 





Fig §a. 
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Example 6.—September 13th, at about 7h. 30m. p.m. at ship; lat. by 
D.R. 39° 43’S., long. by D.R. 158° E., when a chronometer which was Iom. 
48s. (by error and rate) slow on Greenwich mean time showed 8h. 49m. IIs., 
the altitude of the planet Venus (centre) was 25° 4’ west of the meridian ; 
height of eye 22 feet. Required the true longitude. : 


D. iW. M. H. M. S. Obs. alt. 25° 4’ 0” 

Ship T. Sept 13 7 30 T. by chron. 8 49 11 Dip. +- 4 36 

D.R. Long. in time 10 32 E. Slow + 10 48 24 59 24 
Approx. Gr. date, Sept. 12 20 58 8 59 59 Ref. — 2 2 
a3 24 57 22 

M.T. Gr. Sept 12d. 20 59 59 Par. + 10 


The R.A. and Dec. of Venus are corrected for nearest Gr. noon. T. alt. 24 57 «32 











s. H. M.S. 
Nar.of R.A.in th. 9-88 Var. oidecil in th. 64" Sid. T (N.A.] a 
3 3 p. HL, Sept. 12) 7? ?5 46°32 
: =< Accl. for 2oh. 
Corr. — 29-64 192 ne om 3 goes 
R.A. 13th 14 14 256 712? eee g 
MEN SC aaa S Corr = 3%t2 ee ae 59s. “16 
haat 23 ‘Decl atnoon, 15° 59 28 Meansun‘s R.A. 11 29 13-30 
Corr. R.A. 14 13 56 Venus‘ corr. decl. 15 56 16S. M.T.G. 20 59 59 
92 Sid. T.at Gr. 8 29 12-3 
» SPD 74 3 44 
Formula— a = Alt. 
, Hav. P = 608.5. sine (s-— 4) wherenee +i+p 1 =Lat. ; 
cos. J. sin. p p = Polar dist. 
Venus’ Alt. 24° 57’ 32° 
2 39 43 9 Sec. 10:113953 
P 74 3 «46 Co-sec 10°017024 
Sum 138 44 16 
s 69 22 8 Cos. 9°546074 
(s--a} Rem. 44 24 36 Sin. 9°844967 





HM. Ss. 
‘ HA. 4 42 78 W. Hav. 9:522918 


» R.A. 14 13 56 


Sid. T. at ship 18 56 3:8 
Ry at Gr. 8 20 12°93 


Long. in time 10 26 51-5 
Long. 150° 42° 52° E. Explanation of Fig. 6 same as Fig. 1. 








G 





EXPLANATION GF Fic. éa. 
The Circie Equinoctial. 


Pp Pole. 

A First Point of Aries. a4 

PQ Observer's Meridian. 

PXB Meridian through object. 

MS Mean Sun. 

AGM Mean Sun's R.A. p*K jA 
AGME R.A. of Venus. 

0O8BMA_ R.A-M. or Sidereal time of observation. 

Q PB Planet’s Westerly H.A. Oe 

AG Sicereal at Greenwich or R.A. of Gr mer. 5 Fig. 6a- 
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Example 7.—April 30th, at oh. 37m. 24s. a.m. by ship’s watch; fat. 10° 7’ N., 
long. by D.R. 176° 10’ W. ; when the mean of a set of times by chronometer 
was reh. 17m. 47s., and the mean of a set of observed altitudes of the 
moon’s lower limb was 33° <1’ 50” west of the meridian; the chronometer 
had been found 2m. ras. fast on mean noon at Greenwich on March 26th. 
and losing 7-4s. daily ; height of eye 24 feet. 

Required the longitude of the ship. 





D. H. M. 8. Since ship time and 
Ship time, April 30th, oh. 37m. 24s. a.m = April 29 12 37 24 long. make Green. time 
Long. 176° 10° it 44 40 W. [ohb.; the r2h. by chrop. 
Approx. ast. T. at Green. uw «90 (20 22 must be replaced by of. 
H. M. S. s. 
Fime by chron. 0 17 47 March 26 Daily loss 7-4 
Fast — 2 12 5 Days 35 
Oo 15 35 Apnil 30 6,0)25,9°0 
Accum. rate + 4 19 Daya 35 Accum. rate 4m, 19s. slow 
BMT. at Green. April 30d. 0 19 54 é, 
AM. 6S. a. Mt. 5. 
Moon's decl. 9° 56’ 397-6 N. Moon's R.A. If 1g 5:0 Sid. T. (N.A. p. IL.) « 33 31-22 
11°83 X199 — 3 554 1948.X 199 + 38-6 Accel. for rgm. Zuz 
Corr. decl. g 52 44 °-2N. Corr. R.A. 11 19 43°06 ai nw 545. 1s. 
N.P.D. 80 7 16 Mean suns R.A. 2 33 34°5 
M.T. Green. 0 19 54 
Sid. T. Green. 2 53 28-5 
d's Semid. 15’ 77-5 d’s H. Par 55’ 247 
Corr, + “rt Corr. + "5 
Augm. + 8-1 55 25 °2 
Red. Semid. 1§ 15-7 Red. — 2 


Red. H.P. 55 25 


Moon's obs. alt. L.L. 33° 1° 50° 
Dip — 4 48 

32 57 2 

Semid. + 15 16 


33 12 18 Formula same as 








Moon’scorr. + 44 55 in example o 
Moon's T. alt. 33 57 13 Ss 
i 19 7 9 Sec 0-006805 : 
p 80 7 16 Co-sec. 0°006488 G 
Sum r24 1 29 
s 62 5 45 Cos gGroz4t A 
(s—a) Rem. 28 8 32 Sin. 9°673631 
gH. M. 5. 
Moon's HA. W. 9 3 47 57:2 Hav. 9:357165 Pp | 
» RA, Ir 19 43-6 a ! 
Sid. T. at ship, 29d. 15. 7 40:8 ‘ 
Sid. T. at Green., 30d. 2 53 28-5 : B 


Long. in time rr 45 47-7 = 175° 26° 55° W. 


(Explanation of Figs. same as before i 
g s before] a Fig. 7a. 
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Example 8.—January 31st, at about 4h. 2om. p.m. at ship; lat. by 
D.R. 37° 8’ S., long. by D.R. 40° E.; the mean of a set of times by 
chronometer was Ih. 39m. 38s., and the mean of a set of observed altitudes 
of the sun’s lower limb was 30° 48’ 40”; height of eye 21 feet; the 
chronometer had been found 5m. 54s. slow on mean noon at Greenwich on 
December 17th, and losing 3-2s. daily. - Find the longitude. 

The Natural Haversine Method introduced into this Example is recom- 
mended in preference to any other. 

















D. H. M. S ee ¥ 
Dec. 14 days ‘Time by chron. 31 1 39 38 Dec. 17 18 2765 
Jan. 31:07 Slow + 5 44 — ‘1 159 
4507 » Approx. Gr. time I 45 32 Corr. dec. 17 17 117 
32 Acc, rate + 2 24 go 00 00 
144°224 S. Corr. Gr. time 3x 1 47 56 P.D. 72 42 48 
Acc. rate 2°24 + Hly. Var. M s. 
42°°15 Eq. time 13 43°54 
18 + 64 
75°-870 +13 44:18 
Obs. alt. 30 48 40 1 15"9 > : 
Dip — 4 29 Buy. Var. Lat.37 8 
ee 8 *354 go 0 
O tr i —— 
Refr. = pe 36 18 Co-lat. 52 52 
———_ s 6372 
39 42 35 
Parx. + 8 Formula— 
30 42 «43 Nat. hav. @ = nat. hav. z—nat. hav. (p~/9 


Sem-diam. + 16 16 | hav, P=L. cosec. $+ L. cosec. /’ +L. hav. 6—20 


Fr salty30 a 3 where P = hour angle: z. the zenith dist. ; 
: 9800; p, polar dist. and /’, the co-lat. 
Zen. dist. 59 1 I Nat. hav. 0°24261 


Bo a “ - 2 . + « « Li cosec. 10-02008 
> —— - + + + . + Li cosec. 10-09842 
(P~l} 19 50 48 Nat. hav. 0-02970 
6 Nat. hav. 0-21290 L. hav. .9-32820 
8. uw. s. 
Hour angle 4 15 26 L.hav. 944670 
Eq.ttme + 13 44 
MT. ship 31d. 4 2g 10 
MT.Gr.31 1 47 56 
Long. intime 2 4! 14 
Longitude 40 18% 30 E. 
Examples for Practice 
Example 1.—February 26th, at about 7h. a.m. at ship; lat. by D.R. 
56° 48 S.; long. by D.R. 135° 30’ E.; the mean of a set of times by 
chronometer was Iob. 6m.: 255., and the mean of a set of altitudes of the 
sun’s lower limb was 15° 5’ 10”; height of eye 26 feet; the chronometer 
bad been found 4m. 50s. fast on mean noon at Greenwich on January ist, 
18go, and losing 48s. daily. Find the longitude. 


Ans. 130° 7’ 30° E. 
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Example 2.—August 23rd, at about Sh. 30m. a.m. at ship; lat. by D.R. 
37° 40° N., long. by D.R. 144° W.; the mean of a set of times by 
chronometer was 5h. 53m. 16s., and the mean of a set of altitudes of the 
sun 5 lower limb was 37° 15’ 40"; index error of sextant 2’ 15” to subtract ; 
height of eye 20 feet ; the chronometer had been found 17m. 30s. slow on 
mean noon at Greenwich on June 30th, and was 18m. 45s. slow on mean 
noon at Greenwich on July 30th. Required the longitude. 

Ans. 144° 52’ 30” W. 


Example 3 Be ane 30th, at about 3h. 2om. ‘p.m. at ship ; ; lat. by 
D.R. 30° 36’ N. ; long 170° E.; the mean of a set ot times by chronometer 
was 4h. om. 155., and the mean of a set of altitudes of the sun's lower limb 
was 24° 23’; height of eye 25 feet ; the chronometer had been found 6m. 3s. 
{ast on mean noon at Greenwich on November 2nd, 1889, and losing 3°5s. 
daily. NKequired the longitude. 

Ans. 169° 31’ 15” E. 


Example 4.—April 15th, at about 3h."12m. p.m. at ship; lat. by D.R 

58’ S., long. by D.R. 73° E. ; the mean of a set of times by chronometer 
was 10h. 33m. Is., and the mean of a set of altitudes of the sun’s lower limb 
was 19° 10’ 15”; height of eye 23 feet; the chronometer had been found 
3m 4s. slow on mean noon at Greenwich on November 16th, and on 
January 23rd, 18go, it was 2m. 2s. fast on mean noon at Greenwich. 
Required the longitude. 

Ans. 73° 26’ 30” E. 


Example 5.—November 2gth, at about 3h. 25m. a.m. at ship; lat. 
10° 31’ S., long. by D.R. 30° W.; the observed altitude of Aldebaran 
(4 Tauri) west of the meridian was 30° 45° 40”; height of eye 20 feet ; 
time by chronometer was 5h. 29m. 575., which (allowing for error and 
vate) was 3mn. 53s. slow on mean time at Greenwich. Repied the 
longitude. 

Ans. 30° 35’ 30" W. 


Example 6.—March 3rd, at about 7h. 20m. p.m. at ship; lat. 8° 58° N., 
long. by D.R. 60° 30’ E ; the observed altitude of Regulus (2 Leonis) was 
30° 36’ 45” E. of the mendian; height of eye 24 feet ; time by chronometer 
was 3h 21m. gs., which was Ion. 335. fast (allowing for error and rate) on 
mean time at Greenwich. Required the longitude. 


Ans. 61° q' 15” E. 


Example 7.—May 5th, at about 6h. 4om. a.m. at ship, in Jong. by 
account 140° 40’ W., when a chronometer indicated 4h. 3m. 54s., which had 
been found 3m. 4s. fast on mean noon at Greenwich on January 3rd. and 
on February 28th it was 2m. 4s. slow on mean noon at Greenwich; the 
observed altitude of the sun's lower limb was 20° 14’ 40”; height of eye 
23 feet. Required the longitude at the time of observation, the latitude at 
noon on May 4th bv observation being 39° 50’ N., and the ship has since 
sailed S. 83° W. (true) 82 miles. ; 

Ans. 140° 41 15" W 


SUMNER’S METHOD OF FINDING A SHIP’S 
POSITION AT SEA 


Before proceeding with the calculations required in the solution of this 
problem, it may be as well that the navigator should understand the prin- 
ciple of the problem, and its value as a general method of finding a ship's 
position at sea. 

Latitude alone, or Longitude alone, does not indicate the position of a 
place on the globe. Latitude merely shows that the place is somewhere 
on a small circle (a parallel) at a definite distance from the equator ; longitude 
merely shows that the place is somewhere on a great circle (a meridian) 
that makes a definite angle with another great circle which passes through 
a fixed conventional place of reference. To know the exact position of 
a place it is necessary to determine the point of the intersection of these 
two circles—that is, of the meridian with the parallel; but this cannot 
always be done at sea, at any given or required instant, by any of the 
ordinary rules of nautical astronomy. The position may, however, be found 
by a combination of rules, or partly by computation and partly by pro- 
jection ; or where a good point cannot be ascertained as that on which the 
ship is, a line may be found on or near to which she is known to be, and this 
at the time may be priceless: the position of the ship is thus determined 
by a methpd of utilising parts of circles which, in their completeness, 
would be obligue to the parallels and meridians. 

When the declination of a celestial object coincides in amount and name 
with the latitude of a place on the terrestrial sphere, it must at some time. 
during the earth’s rotation on its axis, appear in the zenith of that place; 
it will do so when the object's hour-angle for the place is oh., that is, when 
it is on the meridian. When this occurs, the Greenwich time by chrono- 
meter being known, let it be taken as granted that the object is above 
the horizon of another place; that its 
altitude is observed, and its zenith- 
distance consequently known. In Fig. r 
an object is vertical to the point S on 
the globe; with S as a pole, and the 
observed zenith-distance S A as a polar- 
distance, describe a small circle: this 
is a circle of . position, on some point of 
which the observation has been made, 
for from every point within or without 
this small circle a less or greater zenith- i 
distance than S A would be observed at : 
the instant of the object being at S. Fig.t 
“If, then,”” as Chauvenet says, “ the ‘ 
navigator can project this small circle upon an artificial globe, or chart, the 
knowledge that ne is upon this circle will be gust as valuable to him in enabling him 
to avoid dangers as the knowledge of either his latitude alone or his longitude 
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alone ; since one of the latter elements only determines a point to be in 
a certain circ!.- without fixing upon any particular point of that circle.” 

The altitude of another celestial object S’, taken at the same‘time as the 
former, gives a second circle of position (see Fig. 1, B). The observer being 
in the circumference of each of these circles, must be at one of their points 
of intersection, at P or P’: there will be no difficulty in ascertaining which 
point is to be taken, as it will be sufficiently indicated by the dead reckoning 

The circles to which reference has been made are such as they would 
appear when represented on the spherical surface of a 
globe, and they illustrate the principle of the problem. T 
Ona Mercator’s chart, where the distance between the 
parallels is considerably augmented in the higher lati- 
tudes—in order to preserve the proportion that exists 
at different parts of the earth’s surface between the 
meridians and the parallels—circles of position would 
be represented as elliptical figures (Fig. 2); perhaps we 
had better say as curves of position, which, to delineate 
properly, would require to be computed for every 5 cr 
to degrees : happily, in the projection of the problem, 
we only require a very small part of these curves, for Fig. 2. 
which we assume two latitudes a few miles on each side 
of the latitude by dead reckoning. We may take the 
tangent (T) to the curve, or the chord (C); but our computation and pro- 
jection will be the more perfect the more closely the chord and the tangent 
coincide—in fact, we shall then have the best lene of position. 

The data for the problem are (1) the correct Greenwich Date by chrono- 
meter ; (2) simultaneous altitudes of two stars, or of a star and planet— 
which are by far the best objects tu give the ship’s position ; when the 
sun alone is the object there must be an earlier and later altitude, with 
the course and distance carefully noted in the interval of the observations ; 
(3) two assumed latitudes, the basis of which must be the latitude by D.R. ; 
and, finally, (4) the elements from the Nautical Almanac, respecting which 
there is no excuse for taking them out inaccurately. 


SIMULTANEOUS ALTITUDES 


Simultaneous altitudes of two celestial objects are unquestionably the 
best for determining the position of a ship—which is thus got at once with- 
out any change of place, or interval of time for which to allow. With a 
good knowledge of the stars and planets two objects can be selected at 
pleasure, and in such relation to each other that the angle between their 
verticals shall be the best possible—something between 60° and 120°—and 
so develop a good point of intersection. If there be any doubt, a third 
star will give, with the two others, a space or triangle of certainty, within 
which the ship must be. Taken in the twilight—and how often may this 
be done when no sun has been visible all day—the altitudes, by a practised 
hand, ought to be obtained within a limit of 2’ to 3’, less rather than 
more, : 

When assuming the two latitudes it is generally sufficient to select them 
about 30’ or Jess on each side of the latitude by D.R.; but this will much 
depend upon what length of time has elapsed since the ship’s position had 
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been previously determined. If the altitudes are simultaneous, ard the 
lines of position (when computed and projected) intersect considerably 
beyond one or other of the assumptions, then take another latitude a little 
beyond that of the intersecting point, compute anew for this, and so pro- 
ject again. The position will be more accurately determined in this manner, 
for the latitude is an important element in the computation of the hour- 
angle. You will of course reject, as outside the requirements of the problem, 
in fact as erroneous, all that portion of the computation based on the most 
distant assumed latitude. But usually, in practice, the necessity for 
recomputing will rarely occur. 

It is not, however, essential that the same assumed latitudes should 
be used in computing both lines of position ; it is only more convenient to 
do so, as it saves some logarithms. In the case of two altitudes of tne 
same object, as of the sun, where a course and distance have been made in 
the interval, if the course has been nearly north or south, it would be better 
to assume two latitudes differing from those used for the first observation, 
and such that they may be more in accordance with the altered position of 
the ship. 

What we want to know is the position (latitude and longitude) of the 
ship by projection on Mercator’s chart, after having made a few easy com- 
putations on the basis of the usual “‘ chronometer problem ”’; the data being 
elements, some of which are exactly, and others nearly, correct, and among 
which are introduced certain assumptions derived from the estimated 
parallel on which the ship is found to be by the “ dead reckoning.” 
The rules, briefly stated, are as follows— 

From an altitude of a celestial body taken at a given Greenwich time, to find 
the curve of position of the observer by projection on a Mercator's chart.—The 
circle of position, as delineated on the sphere, becomes, when transferred 
to Mercator's chart, a curve of position, which can only be laid down by a 

_ series of computed points. For any given altitude you can select any 
number of parallels of latitude crossed by the required circle. For each of 
these latitudes, with the true altitude deduced frcm the observed, and with 
the polar distance of the celestial body taken for the Greenwich time, 
compute the time at place, and thence the longitude by chronometer. Each 
latitude with its corresponding longitude gives a point in the circle of position. 
You may, by way of experiment, compute several (say ten or a dozen) such 
points for intervals of 30’ of latitude; then, having 
plotted these different points on Mercator’s chart, you y 
obtain, by joining them, a portion of the curve of : 
position. 

In practice it is generally sufficient to lay down 
only two points ; for, the approximate position of the 
ship being known, two latitudes are selected such that 
the ship may be assumed to be between them. 

A single altitude of a celestial object at any given 
Greenwich time, with its polar distance and two assumed 
latitudes, determines the elements for a lineof position, Fig. 3. 

A, which is plotted on the chart according to the 

respective latitudes and longitudes; if the data are correct, A is unques- 
tionably a line on some part of which is the ship; if the altitude is 
assumed to be doubtful to the extent of 2’ or 3’, in one direction or the 
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other, this can also be shown. When the altitude is too small, the hour 
angle is too great; when the altitude is too great, the hour angle is too 
small, Hence by projecting the lines a and a’ (Fig. 3), one on each side 
of A, and parallel with it, and to the extent of the error of altitude, we 
get a couc, or linear space, bounded by the lines a and a’ within which 
it will be safe to assume the ship's position to be. 

If the altitudes of two objects have been taken at the same time, 
then, assuming the data to be correct, we at once determine the point 
by the intersection of the lines of position A and B (Fig. 4); but if, as 
in the case of A, the altitude which gives B is also doubtful, we pro- 
ject, as before, the lines 6 and b’, we thus get a space, indicated in the 
hgure by the shaded quadrilateral, and which is determined by a a’ in one 
direction and by 6)’ in the other. Within this space is the ship's position, 
and the area of the space is naturally more circumscribed than either 
zone. If we now assume a small error in the 
chronometer, we can delineate it around the 
quadrilateral; but as this gives no error in lati- 
tude we get a figure of a dilferent form—a 
hexagon, which determines the limit of error of 
the point, and gives an area or surface of certi- 
tude within which lies the ship's position. 

When the azimuthal angle between the lines 
of position is go” the form of the quadrilateral 
will be that given in Fig. 4; it will change its 
outline considerably for smaller or greater 
angles ; its area, nevertheless, defines the limit 
of error, though the exact position of the point 
within it is unknown (see also Fig. 5). 

A position obtained by two altitudes, with an interval of time between 
the observations, is affected to the extent of the errovs in the ‘ dead 
reckoning ’' during the interval, and by errors in the altitudes. 

The position determined by simultancous altitudes of two stars, if the 
angle at the vertical is good—and this is a mere matter of selection—can 
only be alfected to the extent of the errors of altitudes and those of the 
chronometer, and the navigator should never lose an opportunity of observing 
them. 

It is evident from the nature of the projection that the most favour- 
able case for the accurate determination of the intersection is that in which 
the lines of position intersect at right angles. Hence the two objects 
observed, or the two positions of the same object, should, if possible, differ 
about go° in azimuth. 

We give on next page the greatest errors, in miles, likelv to arise on the 
point, for different values of the errors of altitude at different angles of 
the intersection of the lines of position. 

Reference to the Table shows that an error of x’ in the altitude will 
produce an error of position on the earth’s surface equal to at least 1-4 
miles even when the azimuthal difference of the lines is at its best (90°). 
When the angle is very small or very large, the error is proportionally 
ereater ; and the latitude and longitude will be more or less affected accord- 
ingly, the latitude most by observations made when the object is near the 





Fig. 4. 


prime vertical, the longitude most by observations taken near the meridian. 
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Fig. 5 will illustrate this: B and A are lines of position projected for 
observations on each side of the prime vertical, with an azimuthal angle 
between them of about 30°; if both altitudes are correct, the intersection 
of B and A gives the correct position. Tor altitudes of 
equal errors—each too great and too small—the shaded 
quadrilateral defines the space within which must be the 
ship's position. If both altitudes are equally too great 
or too small the ship may be at the outermost part of the 
quadrilateral, to the right or left. If one altitude is too 
great, and the other equally too small, the ship's position 
may be at the uppermost or lowermost part of the quad- 
trilateral; in which case the latitude will be most in 
error, and is likely to be so, for the observations having 
been made with the objects near the prime vertical, the 
longitude will, under such conditions, be but little affected. 

If you now turn the page, top to the side, and look 
at the Fig. with its length trending to right and left, you 
will see that the lines of position, B and A, indicate that the 
observations were made when the objects were on different : 
sides of, and not far from, the meridian—the azimuthal Fig. $. 
difference being as before, 30”; in this case the longitude is 
much more likely to be affected than the latitude, and to a greater 
extent ; but the quadrilateral still defines the space in some part of which 
is the ship, and it will continue to define it in whatever intermediate direc- 
tion you turn the Fig., and though the latitude and longitude undergo 
change. 

Is it judicious or safe to shape acourse on the line of position ?—Certainly 
it is. Habit has taught a good observer to properly cstimate the errors 
of altitude, and due allowance will be made on this score. Having con- 
fidence in the chronometers, and knowing the errors of the compass by 
having lately taken time azimuths for the quadrant in which the courses 
may lie, then, should the line of position lead to the channcl bound tor, to a 
well-known point of land, toa light, or so near thereto that it shall be within 
visibility—what is there to fear? If, ew route, you get a sounding, the 
position, though out of sight of land, is as well determined as by cross-bearings 
when coasting. The result of a sounding on or near the line of position, 
or the bearing of a distant inland object (while the coast is still invisible) is 
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priceless. No doubt numerous methods of speedily verifying the ship’s posi- 
tion, according to whether the course is parallel with, directly towards, 
or oblique to, the coast line, will at once suggest themselves to the intelligent 
man; but there must be no vacillation or half-heartedness-—let a good 
look-out and the lead take the place of these. 

Neither theory nor method is new ; and the graphic construction has not 
been used to the development of all its excellence. It not only shows the 
limit of error, but enables us to combine terrestnal with astronomical obser- 
vations. But it must not be lost sight of that we cannot use Sumner’s 
Method without a partial recourse to the old methods, for what they are 
worth. These days of rapid steaming require, however, something at once 
more ready and certain than of old. 

The latitude (and even the longitude) may also be found by compu- 
tation, independently of the projection, and in this form Sumner’s Method 
becomes that given long ago by Lalande. The distinctive feature of Sumner’s 
Method, however, is that a single altitude taken at any time is made 
available for determining a line on the globe on which the ship is situated. 


SUMNER’S METHOD BY PROJECTION 


RULE.—Assume two latitudes 30 or 40 miles apart, but not more than 
1°, one greater than the D.R. latitude, the other less. Find the Greenwich 
mean time for each observation. For each of the Greenwich dates correct 
the sun’s declination and the equation of time, and from the observed 
altitudes get the true altitudes in the usual way; then with these elements, 
and the two assumed latitudes, obtain ‘the corresponding longitudes as 
follows— 

With the frst true altitude, the sun’s declination for the first G.M.T., 
and the /ess latitude, find the time at ship and thence the longitude apper- 
taining to the ivss latitude. Call this position A. 

With the first true altitude, the sun’s declination for the first G.M.T., 
and the greater latitude, find the time at ship and thence the longitude 
appertaining to the greater latitude. Call this position B. 

With the second true altitude, the sun's declination for the second G.M.T., 
and the less latitude, find the time at ship and thence the longitude apper- 
taining to the /ess latitude. Call this position C. 

With the second true altitude, the sun’s declination for the second G.M.T., 
and the greater latitude, find the time at ship and thence the longitude 
appertaining to the greater latitude. Call this position D. 

It is to be duly noted that both observations may be taken at a.m., or 
both at p.m., or one at a.m. and the other at p.m. 

These remarks being understood, an example may be worked out in full 
and the problem explained in proceeding. 

Example.—November 3rd, in lat. by account 49° 24’ N., long. 7° 12’ W., 
the following observations were made— 


Ship Times nearly Chron. Times Obs. Aits. Sun's L.L. 
H. M. th M.S. 
Io 25a.m. Ie 40 3 21° 51’ 30° 
2 55 p.m. 3 8 5 14 3° 5 


The true course of the ship and the distance sailed in the interval were 
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east 32 miles. The chronometer was correct for Greenwich mean time. 
The index error of the sextant + 2’ 30”, height of the eye 22 feet. Re- 
quired the latitude and longitude of the ship when the second observation 
was taken, assuming latitudes 49° 10’ N. and 49° 50’ N. 


DBD OH M. S. 
2 


M.T.G. Nov. 





22 40 3 Sun's obs. alt. 21° 51’ 30” 
LE. + 2 30 
2r 54 oO 
Nov. 3rd., Sun’s decl. Dip — 4 36 
: o pt eae. oe gee 
es Pp. II.) 5 8' 54 s Ss. at 49 24 
40°77 X 133 Aes Semi-d. + 16 10 
Corr. decl. 15 7 52°4S 22. 5 34 
N.P.D. 105 7 52 Corr. — 2 13 
FE. alt. 22° <3) 24 
‘ M.S. The sun’s declination and the 
Eq. T. (N.A. p. [I.) — 16 21 equation of time are herecorrected 
for 1h. 20m. from noon of Nov. 3rd. 
Formula— 


Hav. P. =c0s 5 sin. (s —a) 
a cos. /sin. p 


L hav. P = L sec. ! + L co-sec. 6 + L cos. s + L sin. (s — a) — 30 


where ¢ = alt., / = latitude, p = polar dist., and s = <2 ie 


A.M. Longitudes corresponding to Lat. 49° 10' and 4¢° 50’ N. 























T. alt. 22° 3° 21” T. alt. 22" 3° 2x” 
Lat. N. 49 10 oa Sec. 0-184515 Lat.N. 49 50 o Sec. o-rgo43r 
N.P.D. 105 7 52 Co-sec. 0-015323 N.P.D. 105 7 52 Co-sec. 0-015323 
Sum 176 2% 13 Sum 177.3, 
j-sum 88 10 36 Cos. 8-502670 4-sum 88 30 36 Cos. 8-415015 
Rem. 66 #7 #5 Sin. (9°961137 Rem. 66 27 15 Sin. 9:962247 
HLA. th.39m. ris. Hav. &-663645 H.A. th. 30m. 16s. Hav. 8-583016 

A.T.S.2d. 22 20 49 A.T.S. 2d. 22 29 44 

Eq. T. — 16 2r Eq. Ty — 16 2Ir 

MTS.,, 22 4 28 MTS. ,, 22 13 23 

M.T.G.,, 22 40 3 M.T.G. ,, 22 40 3 

Long.intime 35 35 = 8° 53° 45° W. (A) Long.intime 26 40 = 6° 4o’ W. (B) 


Thus we have obtained through the first observation two positions, viz.— 


(A) in lat. 49° 10’ N., long. 8° 53° 45” w, 
(B) in lat. 49° 50’ N., long. 6° 40’ 0” w. 
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D.H. M.S. M.S. 
M.T.G. Nov. 3 3 8 § Eq. T. (N.A.p.IL) — 16 21 Sun’s obs. alt. 14°30’ § 
LE. + 2 30 





Iq 32 35 

Dip — 4 36 

: Tg 27 59 
Nov. 3rd, Sun’s decl. (N.A.p. II.) 15° 8 54°-6S. Semi-d. + 16 10 
467-77 X 313 + 2 26-4 14 44.9 

Corr. decl. 15 Ir 21S, Corr. — 3 30 

N.P.D. 105 In 21 T.alt. 14 40 39 


The circls NWSE _ The Rational Horizon, 
P The Pole. 
WZE_ The Prime Vertical. 
pard p’ Polar Distances. 
WQE  Equinoctial 
dd’ Parallel ot veclina- 
tion. 
X Position of sun at 
Ist obs. 
X’ Position of sun at 
2nd obs. 
z'andz Zenith distances. 


The two circles cutting each other in Z are 
the circles of Position, and Z the observers 

sition. The circles of Position appear on a 
fercator’s Chart as straictht lines. The first 
altitude has been corrected for run between 
the observations, 





Fig. :. 


P.M. Longitudes corresponding to Lat. 49° 10’ and 49° 50’ N. 


T. alt. 14° 40’ 39° T. alt. 14° 40’ 39” 
Lat. N. 49 10 0 Sec. 0-184515 Lat. N. 49 50 o Sec. o-1go043r 
N.P.D.105 rr 21 Co-sec. 0:01 5443 N.P.D. ro5 rr 214 Co-sec. 0:015443 
Sum169 2 o Sum 169 42 ° . 
bsum 84 31 o Cos. 8-980259 $-sum 84 5 50 Cos. 8-953100 
Rem. 69 50 21 Sin.  9°972540 Rem. qo 10 214 Sin, 9973460 
A.T.S. 3d. 2h.g7m.1r2zs. Hav. 9°1§2757 A.T.S. 3d. 2h. 52m. 535. Hav. 97132434 
Eq. T. —— 16 21 Eq. T. —16 21 
MTS. , 2 40 5% MTS. 4 236 32 
MT.G., 3 8 5 M.T.G. ,, 3 8 5 
Long.in time 27 14 = 6° 48’ 30° W. {C) Long.intime 31 33 = 7° 53’ 15° W. (D) 


_ We have now, through the second observation, obtained two positions, 
viz.— 
(C) in lat. 49° 10’ N., long. 6° 48’ 30” W. 
(D) in lat. 49° 50° N., long. 7° 53’ 15” W. 


These constitute the whole of the computations ; now take up the chart. 


’ Exactly as you would prick off a ship's position on the chart, by the 
aid of dividers and parallel rules, prick off the two positions A and B on the 
chart (see plate, ‘‘ Sumner's Method ”’), 
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Having marked the positions A and B, draw a straight line to connect 
them, and passing beyond them, if necessary. It is supposed that the ship, 
at the first observation, is at some spot on this line, which, as it trends (in 
this case) N. 65° E., would, if the ship were put on that course, lead direct 
to the Scilly Islands. 


Next, plot on the chart the two positions C and D; and also, as before, 
join them by a straight line. 

The question tells you that the ship made 32 miles on a true east course, 
in the interval of the observations. From the graduated meridian, opposite 

_ the line extending from A to B, take off the distance 32 miles with the 
dividers ; lay the dividers down, and taking the parallel rules, place them 
on the compass, in the centre of the chart, over east and west; then work 
the parallels (strictly preserving the direction) towards the line of the first 
position A to B’; having reached that line, draw another line extending from 
it in the direction of the course, east, and on this last line lay off the 32 miles 
of distance, already taken in your dividers: let us call the extremity of this 
distance P. 

Next, lay the edge of the parallel rules on the line A B, and work them 
(preserving the direction) to P; through this point (P) draw a new line to 
cut the line C D ; this new line (which is parallel to the line A B) is taken to 
be that on some spot of which the ship would have been had the first 
observation been made where the second was taken ; and the intersection 


of the lines is supposed to be the exact position of the ship when the second 
altitude was observed—in this case— 


Lat. 49° 253’ N., Long. 7° 133’ W. 


If the sun’s azimuth is required at either of the times of observation, 

roceed as follows— 

The lines A B and C Dare the lines of position. Thesun’s azimuth at the 
timevof the first observation is the direction of a line at right angles to the 
direction of A B to be reckoned easterly, because the observation was taken 
a.m.; the sun’s azimuth at the time of the second observation is the direc- 
tion of a line at right angles to the direction of C D to be reckoned westerly, 
because the second observation was taken p.m. 

As regards this example, the first line of position trends N. 65° E. and 
S. 65° W.; and the sun’s true bearing is S. 25° E. The second line of 


position trends N. 46° W. and S. 46° E.; and the sun’s true bearing is 
S. 44° W. 


Examples for Practice 


Example 1.—At sea on February 28th a.m. at ship and uncertain of my 
position, when the chronometer (corrected) indicated Feb. 27d. 23h. 24m. 435. 
‘Greenwich mean time, the observed altitude of sun’s L.L. was 21° 0’ 40” ; 
and again p.m. on the same day when the chronometer indicated 
Feb. 28d. 3h. 54m. 41s. G.M.T., the observed altitude of the sun’s L.L. 
was 28° 5’ 20”; the ship having made 44 miles on a true N. 77° E. course 
in the interval of the observations ; height of eye 24 feet. Required the 
line of position when the first altitude was observed, also the bearing of 
the sun by projection, and the position of the ship by Sumner’s Method 
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when the second altitude was observed, the ship being supposed to be 
between the parallels of 49° 30’ and 50° 10’ N. 


Ans. (A) in lat. 49° 30’ N., long. 31° 41’ 30” W. 
(B) in ,, 50° 10’N., ,, 30° 43’ 0” W. 
(C) in ,, 49°30’N., ,, 29° 8’ 52” W. 
(D) in ,, 50° 10’ N., ,, 32° 1’ 30” Wz . 
First line of position trends N. 43° E. and S. 43° W., sun’s bearing 
S. 47° E., and position of ship at second altitude; lat. 49° 534’ N., long. 
30° 144’ W. 


Example 2.—February 3rd a.m. at ship, when the chronometer (corrected) 
indicated Feb. 2d. 22h. 51m. 52s. G.M.T., the observed altitude of the sun’s 
L.L. was 17° 35’ 10”; and again p.m. on the same day, when the chrono- 
meter indicated Feb. 3d. 4h. 15m. 23s. G.M.T., the observed altitude of the 
sun’s L.L. was 9° 32’ 30”; the ship having made 41 miles on atrue E. } S. 
course in the interval of the observations; height of eye 23 feet. Re- 
quired the line of position at the time each altitude was observed, and the 
sun's bearing by projection at each observation ; also the position of the 
ship by Sumner’s Method when the second altitude was observed, the ship 
being supposed to be between the parallels of 50° 30’ and 51° ro’ N. 

Ans. (A) in Iat. 50° 30° N., long. 10° 24 o” W 
(B) in ,, 51° 10’ x. a 8° 35’ 30” W. 
(C) in ,, 50° SOGN ge 3s 9° 28" 30" W. 
(D) in ,, 51° ro’ N., ,, 0° 24’ 30” W. 


First line of position trends S. 60° W. and N. 60° E., sun’s bearing 
S. 30° E. ; 

Second line of position trends N. 42° W. and S. 42° E., sun’s bearing 
S. 48° W. 

The ship’s position at the second altitude is lat. 50° 24’ N., long. 9° 20’ W., 
which also determines the position at the first altitude by carrying 
back the course and distance, and gives lat. 50° 30’ N., long. 10° 24’ W.; 
when the line of the first position was determined, if the ship had been put 
on a N. 60° E. course it would have led 12 miles southward of the Saltees 
lightship. 


Example 3.—April 4th a.m. at ship, and uncertain of my position, when 
the chronometer (corrected) indicated Apr. 4d. Sh. om. 12s. Greenwich moan 
time, the observed altitude of the sun's L.L. was 23° 22’ 25"; and again 
a.m. on the same day, when the chronometer indicated Apr. 4d. 1rh. om. 40s. 
G.M.T., the observed altitude of the sun’s L.L. was 44° 26’ 20”; the ship 
having made 30 miles on a true N. 20° E. course in the interval of the obser- 
vations ; height of eye 26 feet. Required the line of position when each 
altitude was observed, and the bearing of the sun by projection at each 
-observation ; also the position of the ship at each observation by Sumner’s 
Method, the ship being supposed to be between the parallels of 49° 6’ and 
49° 46° N ‘ 

Ans. (A) in lat. 49° 6’N., long. 179° 46’ W. 
(B) in ,, 49° 46'N., ,, 179° 24’ W. 
(C) in ,, 49° O'N., ,, 178° 51’ 30" E. 
(D) in ,, 49° 46°N., ,, 178° 34’ 30” W. 
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First line of position trends N. 20° E. and S. 20° W., sun’s bearing 
S. 70° E. ; 

Second line of position trends N. 68° E. and S. 68° W., sun’s bearing 
S. 22° E.; 

Also the first line of position trending in the direction of the course, the 
intersection of the two lines of position gives the ship's true position at 
the second observation—viz., lat. 49° 31’ N., long. 179° 324’ W.; but 
the first observation was probably made S. 20° W. 30 miles from the position 
just given—viz., in lat. 49° 3’ N., long. 179° 48’ W. 


Example 4.—September 23rd p.m. at ship, when the chronometer (cor- 
rected) indicated Sept. 22d. 13h. 56m. 27s. G.M.T., the observed altitude of 
the sun's L.L. was 40° 17’ 30”; and again p.m. on the same day, when the 
chronometer (corrected) indicated Sept. 22d. 17h. 4m. 30s. G.M.T., the 
observed altitude of the sun’s L.L. was 17° 24’; the ship having made 26 
miles on atrue north course in the interval of the observations ; height of 
eye 27 feet. Required the line of position when the second altitude was 
observed, also the bearing of the sun by projection; and the position of 
the ship by Sumner’s Method when the second altitude was observed, the 
ship being supposed to be between the parallels of 47° 5’ and 47° 45’ N. 


Ans. (A) in lat. 47° 5’N., long. 166° 40’ 30” E. 
(B) in ,, 47° 45°N., ,, 164° 13’ 15" E. 
(C) in ,, 47° 5’N., ,, 165° 39’ 45” E. 
(D) in ,, 47° 45’N., ,, 165° 18’ o” E. 
Second line of position trends N. 20° W. and S. 20° E., sun’s bearing 
S. 70° W.; and position of ship at second altitude is lat. 47° 544’ N., long. 
165° 124’ E. 


The method given on pp. 439 to 442 is that originally proposed by Capt. 
Sumner. The publication of Azimuth Tables, and the short and easy 
way of finding Azimuths from Tables similar to the A, B, and C Azimuth 
Tables in Norie’s Tables have modified the method. It has been stated 
that the azimuth is the direction at right angles to the direction of a dine of 
position, hence a line of position can be determined from the azimuth. It 
is now therefore usual to proceed in the following manner— 


RuLe.—Find the longitude at the time of taking the first observation, 
using the latitude by account, and take from the tables the azimuth 
corresponding to the hour angle found in the computation. On the chart lay 
down the position of the point given by the latitude by account and the 
longitude found. From this point draw a line in the direction of the azimuth, 
then a line drawn through the point at right angles to the direction of the 
azimuth is the first line of position. : 

Find the longitude at the time of taking the second observation, using 
the latitude by account at the time, and take from the tables the azimuth 
corresponding to the hour angle found in the computation. On the chart 
lay down this latitude and longitude, and from the point thus determined 
draw a line in the direction of the azimuth, then a line drawn through the 

int at right angles to the direction of the azimuth is the second line of 
position. From the point found from the first observation draw a line in 
the . direction of the course, and set off on it the distance sailed in the 
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interval between the observations, a line parallel to the first line of position 
drawn at the end of the distance will meet the second line of position in the 
ship’s position at the time of taking the second observation. 

It is thus seen that by this method the working is very much shortened, 
two longitudes only being required instead of four. But the simplest form 
of the problem is when simultaneous altitudes of two stars have been 
taken. The latitude by D.R. is used to calculate a longitude from each 
observation. The azimuths are found, and the lines of position laid down. 
The ship’s place is therefore at the point in which the lines of position 
intersect each other, 


Example 3.—December 6th, at about 6h. 28m. a.m. at ship; lat. by 
D.R. 49° 58’ N.; long. by D.R. 14° 30’ W.; when the chronometer (cor- 
rected for error for G.M.T.) indicated 7h. 30m. 20s., the following simul- 
taneous altitudes were observed : Regulus (a Leonis) observed altitude was 
48° 41’ 30” W. of meridian, and Arcturus (2 Bootis) observed altitude was 
46° 32’ 40” E. of meridian ; height of eye 26 feet. Required the ship’s 
position. 








H OM. H, M. s. 
Time at ship, Dec. 6th 6 28 a.m. Sid. T. (N.A. p. IL) 16 56 569 
5d. 18 28 Accel. fur Gr. T. 3 123 

Long. 14° 30’ W. + 58 Mean Sun’s R.A. 170 0 g'2 
Approx. Gr. date 5 19 26 Green. M.T. 19 30 20 


Sid. T. atGr. 12 30 292 


wu 
al 

oO! 
8: 
to 
° 


Gr. M.T. by Chron. Dec. 
HY M. s. H. M. s. 
Regulus’ R.A. Io 2 331 Arcturus’ R.A. I4 10 39°2 
9 Decl. 12? 30’ 5° N. Decl. 19° 45’ 5” N. 
» N.P.D. 77 29 «455 » N.P.D. 70 4 55 


R = Position of Regulus. 
A= Position of Arcturus. 
The circles of Position are omitted. 


The explanation of the fig. is the same as 
Fig. 1. 





en 





446 SUMNER’S METHOD BY PROJECTION 





Formula— 
Hav. P = £05: 5 sin. (s — 4) 
; cos. /sin. p 
: : a+l+? 
where a is the alt., J is the lat., p the polar distance, and s = ———>-—_~ 
Regulus’ obs. alt. 48° 41‘-5 Arcturus’ obs. alt. 46° 32'-5 
Cor. — 58 Cor. — 59 
T. alt. 48 35°7 T. alt. 46 26°6 
N. Jat. 49 58 See. 0-19 1632 N. lat. 49 58 Sec. 0191632 
N.P.D. 77 29°9 Co-sec. 0-010416 N.P.D. 70 14°9 Co-sec. 0:026325 
Sum 176° 36 Sum 166 39°5 
d-sum 88 1-8 Cos, 8536258 ¢sum = 83 19°7 Cos. 9°065132 
Rem. 39 26-1 Sin. g-Boz912 Rem. 36 53-1 Sin. 9°778304 
AM. 6S. HLM. S. 
Hour-ang. W. 1 25 58-5 Hav. 8541218 Hour-ang. E. 2 38 43 Hav. 9061394 
Regulus’ R.A. 10) 2 33:1 24 
Sid. T. ship 11 28 31-6 ‘i W. 21 21:17 
Sid. T. Gr. 12 30 29-2 Arcturus’ R.A. 14 10 392 
Long. in time 1 1 57°6 Sid. T. ship 12 31 56-2 


Long. 15° 29’ 24” W. by Regalus Sid. T. Gr. 12 30 29-2 
Long. intime o 58 33 


Long. 14° 38’ 15° W. by Arcturus 


For T. Az., and Line of Position by Regulus. For T. Az., and Line of Position by Arcturus. 





Azimuth Tables (A) gives — 3-04 Azimuth Tables (A) gives + 1-44 
” » (B) » + 0-61 » oo» (B) » — 0°57 
ae uw (CC) 4 — 2°43 =S$.32°7W. a (C) » + 0-87 =S. 60°8E, 


Since the T. Azimuth of Regulus is S. 324° W. Since the T. Azimuth of Arcturus is S.61°E. 
che line of the ship's position teends N. 573° W. the line of the ship's position trends N.29°E., 
and S. 574° E. and S. 29° W. 


Take the Chart, and on the D.R. paralle} (in this case lat. 49° 58’ N.), mark the long. as 
determined by Regulus ; through the spot indicated draw the line of position due to the alt. of 
Regulus, which, as shown above, trends about N. 573° W. and S. 574° E. 

Similarly, on the same parallel, mark the long. as determined by Arcturus ; and through 
the spot indicated draw the line of position due to the alt. of Avctuyus, which, as shown above, 
trends about N. 29° E. and S. 29° W. 

The intersection of the two lines of position gives the ship’s true position lat. 49° 42’ N., 
long. 14° 52’ W. See the small chart ‘* Sumner's Method, Plate If.” 


The foregoing methods by means of a Mercator’s chart are the simplest 
methods of using Sumner’s process of finding a ship’s position, but they 
necessitate having achart on a fairly large scale, unless the navigator is able 
to make a chart for the purpose, or has a supply of sectional paper for 
plotting down. If he has no chart or sectional paper, he must calculate 
the ship's position—that is, he must find the corrections to be applicd to the 
latitude by D.R., and to the longitude found from using the erroneous D.R. 
Jatitude. 

A very simple way of finding the corrections can be obtained from the 
A and B numbers taken from the A and B Azimuth Tables in Norie’s Tables. 
These numbers when put together represent the change of longitude for one 
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mile change of latitude. If the azimuths are in the same or opposite quad- 
rants, the difference of these numbers is the total change of longitude for one 
mile change of latitude. If the azimuths are in adjacent quadrants, the sum 
of the numbers is the total change of longitude for one mile change of lati- 
tude. Hence if the whole difference of longitude between the longitudes 
found from the observations is divided by the total change of longitude for 
one mile change of latitude, the result is the correction for latitude. And 
consequently the correction for longitude will be found by multiplying the 
number used in getting an azimuth by the correction for latitude. The 
correction is to be applied to the longitude found from the same observation 
as the azimuth was found from. 

In the example just given the numbers are 2-43 and 0-87, and the azimuths 
are in adjacent quadrants, the total change of longitude for one mile 
change of latitude is the sum 3:3. The total difference of longitude is 51’-r, 
and 51-1 divided by 3:3 gives 15’:5, the correction for latitude. The correction 
for longitude is 0-87 multiplied by 15-5, that is 13:5. 


Lat. by D.R. 49° 58’ N. Long. 14° 38’ W. 
Cor. for lat. 15°5 S. Cor. for long. 1375 W. 
True lat. 49 42°5N. True long. rq 5175 W. 


Rule for applying the corrections.—When the azimuths are in adjacent 
quadrants, add the correction for longitude if the longitude used is the less 
longitude, but subtract if the longitude used is the greater longitude. 

When the azimuths are in the same or opposite quadrants, mark the 
difference of longitude between the observations E. or W., reckoning 
from the point of less azimuth to that of greater azimuth. Then if the 
longitude used and difference of longitude have the same name, add the 
correction for longitude, but subtract if the longitude used and difference 
of longitude have different names. 

The correction for latitude takes its name from the line of position drawn 
through the point ; this must be north-easterly and south-westerly or 
north-westerly and south-easterly. Having determined the direction of the 
line of position and knowing from the rule for applying the correction for 
longitude whether it is E. or W., the letter in the line of position connected 
with the letter of the correction for longitude is the name of the correction 
for latitude. Thus if the line of position is north-easterly and south-westerly 
and the correction for longitude is E., then the correction for latitude 
is N. 

In the example the azimuths are in adjacent quadrants, the correction 
for longitude is W. because it is added to the less longitude, which is W. The 
line of position through the point used is north-easterly and south-westcrly, 
and the correction for longitude is W., therefore the correction for latitude 
is S. 

If two observations of the sun have been taken, and the course and 
distance in the interval noted, then the longitude must be determined from 
each observation, using the latitude by account at the time of the observa- 
tion. The longitude found from the first observation must be corrected for 
the run in the interval, to reduce it to the longitude at the time of taking 
the second observation. The difference between the reduced longitude 
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and the longitude found from the second observation is the total differ- 
ence of longitude to be divided by the change of longitude in one mile change 


of latitude found by the A and B numbers in the A and B Azimuth Tables 
in Norie’s Tables. 


The A and B numbers will be found combined in Norie’s new Tables, 
Longitude Correction Table. 


This problem has been made very familiar to navigators by Mr. A. C. 
Johnson, R.N., through the pamphlet entitled “On Finding the Latitude 
and Longitude in Cloudy Weather and at other times.” my 

If in the case of the sun the second observation is taken near noon within 
the limits of the Reduction to the Meridian problem, finding the longitude 
by using the estimated latitude would be altogether useless. The estimated 
longitude would now be used to find the latitude. 


‘Example—December 12th, in Jat. by account 30° 12’ N., long. 72° W. 


Ship times nearly Chron. times Obs. alts. sun’s L.L. 
Hz OM HB. M. s. 
8 45 a.m. "X26 59 19° 4° 54” 
Ir 3va.m. 4 II 2 35 45 12 


The true course and distance in the interval was north 30 miles. The 
chronometer was estimated to be 1m. slow for mean time at Greenwich. 


Height of the eye 20 feet, ].E.—2’ 10". Find the ship's position at the time 
of taking the second observation. 


Dp HM. S. 
GMT. 12 1 27 59 


M. S. 








Sun's decl. (N.A. p. II.) 23° 6’ 40°S. Eq. T. (N.A. p. 11.) — 6 3-01 
107-95 X I°5 + 116 ri8s. X 15 1:77 
Corr. decl. 23 6 56 Corr. Eq. T. 6 24 
P.D. 113 6 56 
Obs. alt. 19° 4’ 54” Tr.alt. 19° 12’ 2” 
1E.— 210 Lat. jo 12 0 Sec. -063348 
192 44 P.D. 113 6 56 Co-sec. :036346 
Dip — 4 23 162 30 58 oe + 152 
1858 2x }-sum 81 15 29 Cos. 9°181799 Pr gae 
S.D. +1617 Kem. 62 3 «27 Sin. 9:946167 Sum = + 1-09 
19 14 38 H. M.S. —_————. Az. S. ° g, 
Sun's cor. — 2 36 HLA. 3 1% 8E. Hav. 9:227660 iz: 47 


Tr.alt. 19 12 2 D. H. M.S. 


A.T.S. 11 20 45 52 
Eq. T. — Or 
M.T.S. 11 20 39 51 
‘M.T.G. 12 I 27 59 





Long. in time 448 8 = 72°2° W. 
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D. H. M.S. 
G.M.T. 12 4 12 2 














M.S. 
Sun's decl. (N.A. II.) 23° 6’ 40°S. Eq. T. (N.A. p. ID.) + 6 3-04 
107-95 X 4:2 + 46 118s. xX 42 — 4:96 
Corr. decl. 23 7 26 Corr. eq. T. 5 58-05 

Lat. by acct. 30° 12’ N. Long. 72° 2’ W. 

Diff. lat. 30 N. Difi. long. o 

Est. lat. at 2nd obs. 30 42 N. Est. long. at 2nd obs. 72 2 W. 
H. Mm «68, Obs. alt. 35° 45° 12° 
GMT. 4 12 2 LE. — 2 10 
Eq.T. + 5 58 35 43 2 
SMT. 4 18 0 Dip — 4 23 
Long. 4 48 8 35 38 39 
HLA. o 30 SE. log. rising (+ 5) 7°93613 $.D. + 16 17 
Lat. 30° 42’ Oo” N. Cos. 9°934424 35 54 56 
Decl. 23 7 268. Cos. 9:963627 Sun's co. — 1 13 
) 26 Co-sec. 10 Or aS 
um 53 a : "093015 Tr! alt; $87 93 43 
Red. 29° 4 Sine 7-927196 Red. + 29 4 


Mer. alt. 36 22 47 
Zen. dist. 53 37 13 N. 
Decl. 23 7 26S. 
Lat. 30 29 47 N. 
The calculation of the ship's position is now very simple. Since by 
reference to the Table, p. 379, the hour-angle of the second observation is 
within the limits of the Reduction to the Meridian, it follows that the latitude 


found will be the correct latitude, unless the latitude and longitude used in 
the calculation are both very erroneous. 


Lat.at 2ndobs. 30° 30’ N. 
Run. 30 N. 


Lat. at st obs. 30 o N. 





From this it follows that the first observation has been calculated with a 
latitude 12’ in error, and for this observation it has been found that the diff. 
long. for 1’ diff. lat. is x09, the total diff. long. is therefore 1-09 x 12 = 13':08 
and is W. because the true latitude is S. of the lat. by acct. and the position 
line trends south-westerly. 

Long. calculated with erroneous lat. 72° 2’ W. 
Diff. long. 13 W. 


Tme long. at Ist obs. 72 15 W. 
CoursebeingN. ,, » 2nd ,, 72 #15 W. 





The position of the ship is therefore lat. 30° 30’ N., long. 72° 15’ W. 


If the second observation had not been within the limits of the Table 
on p. 379 and the azimuth had been small, or if the estimated latitude and 
longitude had been very erroneous, neither the latitude nor the longituce 


could have been found with any degree of accuracy by the ordinary 
method. 





COMPUTATION OF ALTITUDES 


To Compute the Altitude of a Heavenly Body 


All the necessary elements from the Nautical Almanac must be corrected 
for the Greenwich date. 

If the sun is the object, the apparent time from the nearest noon is the sun’s 
hour angle or meridian distance. 

For the meridian distance, in time, or hour angle of a fixed star, a planet, 
or the moon.—To the mean time at place add the mean sun’s right ascen- 
sion, and from their sum (which is the right ascension of the meridian) 
subtract the right ascension of the object ; the result will be the object’s 
westerly hour angle or meridian distance, which, tf greater than t2h., take from 
24h. for the easterly (or nearest) hour angle. 


The circle represents the rational horizon, 
N ZS the meridian of the place, P the pole 
N. or S. according to the latitude (in this case 
N.), Z the zenith of the observer, W Q E the 
equinoctial, @ the place of the object. Then 
¢ P o (f) is the polar distance, P Z (/’) the co- 
latitude, Z Q (i) the latitude, Z o (z) the zenith 
distance, A @ (a) the true altitude, Z P 
the hour angle and 4 Z the azimuth. The 
problem is to find A © (a) by means of the 
triangle P Z o. . 





Fig. 1. 


The method of finding altitudes by computation has been much 
facilitated by a table of Natural Haversines, which has been included in 
Norie's Tables and will be found adjacent to the log. haversine of the 
same arcor angle. The method is mathematically sound, and in consequence 
of the shortness of the calculation is recommended in preference to other 
methods, of which there are many. 


To find the altitude of a celestial object, having given the hour angle, 
the polar distance, and the latitude — 


For Arc J. add together the log. haversine of the hour angle, the 
log. sine of the co-latitude, and the log. sine'of the polar distance; the 
sum, rejecting tens in the index, is the log. haversine of Arc I. 

For the zenith distance add together the natural haversine of Arc I. 
and the natural haversine of the difference of the co-latitude and polar 
distance ; the sum is the natural haversine of the zenith distance, which 
subtract from go° for the true altitude. 


Formula— ; 
L. hav. Arc I. = L. hav. P + L. sin. l’ + L. sin. p ~~ 20, 


Nat. hav. z = nat. hav. ArcI. + nat. hav. (f ~ 4) 
where P = Lour /, I! = co-latitude, # = polar dist., z = zenith dist. 


Nore.—Arc 1. need not be taken out, but only the natural haversine of Arc I., which 
will be found adjacent to the log. haversine of Arc I., as will be seen in the following examples. 
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From the True Altitude to find the Apparent Altitude —The corrections 
must be applied in reverse order and with contrary signs to those with 
which the true is derived from the apparent altitude. 


For the Sun or for a Planet.—Subtract the parallax in altitude and add 
the refraction. 

For a Siar.—Add the refraction. 

For the Moon.—By Computation.—To the log. secant of the moon's true 
altitude add the proportional log. of moon’s reduced horizontal parallax ; 
the result will be the proportional log. of the approximate parallax in 
altitude. which take out. 

Subtract this approximate parallax in altitude from the moon's true 
altitude, and with the result proceed as before to get the correct parallax in 
altitude, which swhtract from the true altitude ; after which add the refrac- 
tion, to get the moon's apparent central altitude. 


Note.—On rare occasions the correction for the parallax in altitude may have to be taken 
out a third time. 


The difference between the parallax in altitude and the refraction is 
the moon's correction of altitude, and can ordinarily be taken from 
Moon's Correction Table in Norie’s Tables. 

Example 1.—May 27th p.m. 3b. 2m. 49s. mean time at ship. Position by 
D.R. lat. 33° 54’ S., long. 108° E. Required the moon’s true altitude. 


DB OH OM. OS HOM. OS 
27, 3 #2 «49 Sid. T. (N.A.) 4 16 1-68 @'s decl. 12° 26’ 0-3” 
Long. — 7 1:2 oo Accel. for M.T.G. + 3 15°15 10°-99X 12:03 + 2 122 


MT.G. 26 19 50 49 Mean sun‘a R.A 4 19 16°33 d’scor. decl. 12 28 12-5 N. 
S.P.D. 102 28 12-5 


HOM. OS. H. M.S. 
M.T.S. 3 2 492 GRA 10 §5 15:67 
Meansun'sR.A. 4 19 16:8 1923S. X 2°03 — 23°13 
R.A. mer. 7 22 6-0 qCor. R.A. 10 54 52°54 
(R.A. 10) 54 §2°5 . 
G’s HA. 3° 32 46°5 
Formula— 


L. hav. Arc I. = L. hav. P + L. sin. 2’ + L. sin. # —20 
Nat. hav. z = nat. hav. Arc I. +- nat. hav. (1 ~ p) 
where P = hour angle, /’ co-lat., p polar dist., z zenith dist. 


S. 


H. OM, 3 
H.A.P=3 32 465 Hav. 930200 





v 56° 6’ of Sin. 9°91908 
t yoz2 28 £2°5 Sin. 9°98963 
Arc I. Hav. 9210718 Nat. hay. .16245 
ep gB Ome ae iw ex Nat. hav. +1550% 





am 68 35’ 15° Nat. hav. -31746 
90 068 «a 


True Alt. = 21 24 45 DD 2 
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Example 2.—June 25th p.m. at ship. Position by D.R. lat. 15° 42’ N., 
long. 63° 1’ 30” E. Time by chronometer 5h. 47m. 54s., supposed to be 
correct. Required the altitude of Mars. 


DB HK M,. s. H. M. s. 
M.T.G. 25 5 47 534 Sid. time 6 14 18-21 
Long. in time 4 12 6 Corr. for Cor. time + I 35°30 
M.T. Ship Io 00 00 Sid. timeor RAM.o 6 15 5651 
R.A.M. © 6 15 _ 57 R.A. Mars 15 53 28°53 
R.A.M. 16 15 57 Cor. — 760 
Mars R.A. I5 42 21 Mar’s Corr. R.A. 15 42 20°93 42 20°93 
Mars H.A. 33 36 ee ee 

Formula—Same as Example I. Dec. 22° 40’ 42°6S. 

— 29 
22 40 397 

go 00 00 


N.P.D. 112 40 397 


A. M. s. 
P 0 33 36 Hav. 772948 
V 74° 18’ 00” Sin. 998349 
p 12 40 40 Sin. 9-96506 
ArclI. Hav. 7°67803 Nat. hav. 0:00477 
Up 38° 22 40" 3. «eee Nat. hav. 0°10803 


Zen. Dist. 39° 15’ 0” Nat. hav. o°11280 
90 00 00 


Tme Alt. 50 45 oO 








Example 3.—May 27th, 3h. 5m. 56s. p.m. A.T.S. Lat. 33° 54’ S., long. 
108° 44’ E. Find the true altitude of the sun. 


D. H. Mz. s. 
A.T.S. May 27. 3 5 56 E Dec. 22 20 21N. 
Long. intime — 7 14 56 Corr. — 2 45 
A.T.G. Ig 51 00 21 18 36N. 


S.P.D. rrr 18 36 
HOM. Ss, 
P 3 5 56 Hav. 9°19234 
Vv 56° 6’ 0” Sin. g'9g1909 
p mr 18 36 Sin. g'96924 
Arc I. Hav. g'08067 Nat. hav. o-12041 
U~p .55° 12° 36" ...-- Nat. hav. 0-21471 


Zen. Dist. 70° 44’ 45” Nat. hav. 0°33512 
go oo 00” 


Tme Alt. Ig 15 15 





N.B.—The formula used in solving the above will be found the most expeditious for 
finding the third side When two sides and the included angle are given. 
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Method II.—To the log. haversine of the supplement of the hour angle 
add the log. sie of the co-latitude and the log. sine of the polar distance ; 
the sum (rejecting 20 from the index) is the log. haversine of an angle, which 
call x. Ther add together the co-latitude and polar distance and place 
beneath this sum; find their sum and difference, and half sum, and half 
difference. Add together the log. sine of the half sum and the log. sine of 
the half difference (rejecting 10 from the index); the result is the log. 


haversine of the true zenith distance, which subtract from go° for the true 
altitude. 


Formula— 
Hav. x = hav. (12h. — A) X sin. l’ x sin. p 


Hivie= en UP te yg, VF wee 
2 2 


where A is the hour angle, l’ the co-latitude, p the polar distance, x an 
auxiliary angle, and z the zenith distance. 


Blank Form for this Method 


H. OM. OS. 





wh.—H.A. .. Hav. 2... 206 
Co-lat. ..° 2!” Sims sera she . 
Pol. dist. Sik.  /.Senery ts . 

Sum... 
Bo yey dey “bd Hav. ....--6 

Sum 

Diffs et? tases” cas 
Halfswm <3 as Sine: oan ecceniat ie e 
Half diff. . 0... Sins (2. sehen 
Zenith dist. .. Hav. ...... e 

go 


True alt. 


LATITUDE BY DOUBLE ALTITUDES 


The latitude may be found with sufficient accuracy by two altitudes of 
the same object taken at any time of the day, the interval or elapsed time 
between the observations being measured by the chronometer or a good 
watch. 


There are several methods of solving this problem, but we shall only give 
two, ‘‘ Ivory’s METHOD,” and what is known as the “ Direct METHOD.” 


For Ivory’s METHOD proceed as follows— 


I. Subtract the time of the first observation from the time of the second 
observation ; the result will be the mean interval. 


2. Turn the mean interval into an apparent interval (sce CONVERSION OF 
TIMES). Ses 

3. Divide the elapsed ‘time, or apparent interval, by 2 for the half elapsed 
time (H.E.T.). 


4. To the time by chronometer (corrected) at first observation add half the 
mean interval; the result will be the middle mean time at Greenwich. 


5. Correct the sun’s declination (Nautical Almanac, p. II.) for middle mean 
time at Greenwich. 


6. Correct the observed altitudes and get the true altitudes. 


7. Reduce the first true altitude to what it would have been if it had been 
taken where the second altitude was taken. To do this the ship's 
course and distance between the observations is required (see CORREC- 
TION OF ALTITUDES). 


8. Find the half sum and also half difference of true altitudes. 
The above applies to the sun; if a star be observed the mean interval 
between the observations would have to be converted into a sidereal 
interval (see CONVERSION OF TIMES). 


When a planet is observed the mean interval will have to be converted 
into a planetary interval as follows : Obtain the sidereal interval as before ; 
then multiply the planet’s variation in right ascension in one hour of longitude 
(Nautical Almanac) by the mean interval ; the product will be the correc- 
tion to apply to the sidereal interval in order to find the planetary interval ; 
to be added when the planet’s right ascension is decreasing and to be sub- 
tracted when the planet's right ascension is increasing. 


454 
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Example.—Greenwich date July 4d. 13h., mean interval 3h. 6m.; find 
the planetary interval for Jupiter. 


H. M. S. 
Mean interval 3 6 0 Jupiter’s var. in R.A. in 1 hour = Is. 
Arc for 3h.6m. + 30°55 < iS: 
Sid. interval 3 6 30°55 IX 3I = 31 
Correction + . 3°1 


Planetary int. 3 6 33°65 


When the moon is observed the mean interval must be converted into a 
lunar interval as follows: Obtain the sidereal interval ; then multiply the 
moon’s variation in right ascension in rm. by the mean interval and subtract 
the product from the sidereal interval, and the result will be the lunar 
interval. 


To ComMPUTE THE VARIOUS ARCS 


For Arc I.—Add together log. co-secant of half elapsed time and log. 
secant of declination; the sum will be log. co-secant of arc I., which 
take out. 

For Arc II.—Add together log. co-secant of are I., log. cosine of half 
sum of true altitudes, and log. sine of half difference of true altitudes ; the 
sum will be log. sine of arc II , which take out. 


For Arc III.—Add together log. secant of arc I., log. sine of half sum 
of true altitudes, log. cosine of half difference of true altitudes, and log. 
secant of arc II. ; the sum will be log. cosine of arc III., which take out. 


For Arc IV.—Add together log. sine of declination, and log. secant of 
arc I.; the sum will be log. cosine of an arc, which take out ; it will be arc 
IV. if latitude and declination are of the same name; but if latitude and 
declination are of contrary names, subtract it from 180° for are IV. 


For Arc V.—Generally the difference of arcs III. and IV. will be arc V. ; 
but if the latitude of the ship and the declination of the object are of the 
same name and latitude less than declination, the sum of arcs III. and IV. 
will be are V. 


For the Latitude.—Add together the log. secant of arc IE. and the log. 
secant of arc V.; the sum will be the log. co-secant of the latitude, which 
take out. It will be of the same name as the latitude by dead reckoning. 

If it is uncertain whether the latitude or the declination is the greater, 
arc V. will have two values ; consequently each value of arc V. will give a 
different latitude. Having found the latitude for both values of arc V., 
take that as the correct one which is nearer to the latitude by dead reckoning. 

When the altitudes are equal, compute arcs I. and IV. as above, but 
arc II. will be 0° 0’ o”. 

For Arc III.—Add together the log. secant of arc 1. and the log. sine 
of the altitude ; the sum will be the log. cosine of arc III., which take 
out. 


For the Co-Latitude —When the polar distance exceeds the co-latitude 
the difference of arcs III. and IV. will be the co-latitude ; when the polar 
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distance is less than the co-latitude the sum of arcs III. and IV. will be the 
co-latitude, which subtract from go° for the latitude. ' 

When the declination is 0° 0’ 0” the half elapsed time will be arc I., and 
arc IV. will be 90°. For the remaining arcs proceed as before. 

The latitude just found is on the assumption that there has been no change 
in the declination, which is only true in the case of astar. When, however, 
the sun, planet, or moon is the object observed,a correction for the change 
of declination in‘the half elapsed time will have to be applied to the 
approximate latitude. 


The computation of the latitude correction is as follows: Add together 
the log. of the change of declination in the half elapsed time, the log. 
secant of the approximate latitude, the log. co-secant of the half elapsed 
time, and the log. sine of arc IT. (all to four places of decimals ) ; the sum 
will be the log. of the correction in seconds of arc, which take out. 

The correction is to be added to the approximate latitude when the 
second altitude is the greater, and the polar distance decreasing, or when 
the second altitude is the less and the polar distance increasing ; otherwise 
it is subtractive. 


THE Drrect METHOD 

Students will find this method much shorter, and there is no ambiguity 
in finding any of the arcs or angles. 

When the sun, planet, or moon is the object observed, find the ‘apparent, 
planetary, or lunar interval in the manner explained above. For a star 
find the sidereal interval, also the half sidereal interval. 

Correct the declination for the Greenwich time at the first and secona 
observations and find the polar distance at each observation. 

Find the true altitudes at the first and second observations, and also the 
true zenith distances, not forgetting to correct the first altitude for the 
course and distance run in the interval between the observations. These 
constitute all the data used in solving this problem by the Direct Method. 

When the polar distance at each observation is the same, as in the case 
of a star, the calculation is considerably curtailed by the introduction of 
Napier’s Rules, as will be seen in the two examples given. 

We shall now give an example of Ivory’s Method and several examples 
of the Direct Mcthod, explaining each portion of the latter as we proceed. 


Example 1.—February 28th; latitude by dead reckoning 50° N.; 
longitude 30° W.; the following observations of the sun were taken for 
latitude by double altitudes :— 


Ship time nearly. Time by Chron. (corrected). Obs. Alts, of Sun's L.L. 
H. M. H. MS. ae wap , 
ustobs. 9 24 a.m. rstobs. Ir 24 43 tstobs. 21 a 4o bearing S. 46° E. 


endobs. i 54 p-m. 2ndobs. 3 54 40°8 2nd obs. 28 § 20 west of Meridian, 


i of eye 24 feet; ship’s course and distance in the interval between 
the observations N. 77° E., 44 miles: find the latitude when the second 
observation was taken. For construction of problem see Fig. 1. 


LATITUDE BY DOUBLE ALTITUDES 


Ivory's METHOD 





D. w. M. 8. uM. 6. we 
Ast abs. M.T.G. Feb. 27 23 24 43 Mean Int. 4 29 578 Decl. (N.A. p. IL.) 7 61 53:35. 
2nd obs M.T.G. Feb.28 3 54 403 Eq. TimeO{33.x 45h. + 22 we * 66h. 2 — 1 32 
Mean interval 4 29 578 App. Int. 4 30 00 Corr. decl. 7 50 1913. 
Half interval 2 14 509 Half elapsed time 2 15 00 
Middle M.T.G@.98 1 39 419 H.E.T. inare 33°45 00 
i d o 4 « i” ee ee 
Sun’s bearing S. 46 E. ist obs. alt. 24 0 40 and obs. alt. 28 § 20 
Ship's course N. 77 E. Corr. + 9 3 Cor. + 9 43 
123 True alt. 21 9 43 and truealt. 28 15 3 
180 Corr.forrun + 24 00 Ist true alt. 21 33 43 
Angle between ) 57° True alt.corr.forrun 21 33 43 Sum 49 48 46 
ship's course and : 
sun's bearing j Dif. 6 41 20 
o A Halfsum 24 54 23 
57° as course and dist. 44m.). 
gives 24’ in d. fat. column f+ Traverse Table. Half dif. 3 20 40 
For Arc I. For Arc II. 
° - oo. 
H.E.T. 33 45 oo L.co-sec. 10:255261 Arc I. 33 23 35 L. co-sec, 10°259338 
Decl. 7 §0 #9 L. sec. 10-004077. $ sum alts. 24 54 23 L. cos. 9°957606 
Arce I. 33 23 35 L.co-sec. 10-259338 dif jalts 759) 520. 740 Esin: 87659355 
Arc II. 5 31 rt L. sin. 8-982899 
For Age III. For Arc IV. 
° ‘ e e ‘ * 
Arcl. 33 23 35 £L. sec. 10-078358 Decl. 7 50 19 L.sin. 9134762 
4 sum tr. alt. 24 54 23 L. sin. 9624423 Arc I. 33 23 35 L. sec. 10-078358 
4 diff. tr. alt. 3 20 40 L.cos. 9-999260 80 35 55 L.cos. 9213120 
Arc II, 5 31 rt L.sec. 10:002016 180 00 oo 
Arc III. 59 36 34 L.cos. g-70y057 ArcIV. 99 24 § 
For Arc V. For the Latitude. 
a : 2 ° ’ « 
ArcIV. 99 24 § ArcII. 5 3r L. sec. 10'002016 
ArcIII. 59 36 34 Arc V. 39 47 31 L. sec. ro-rr4428 
Arc V. 39 47 3% Approx. lat. 49 53 26N. L.co-sec. ro-r16444 
Corr. + 34 
Lat.in 49 54 OON. 


Latitude correction for change of declination in half elapsed time. 


56°76 X 223h = 1277 


Approx. lat. 49° 534" 
H.E.T. (in arc) 33 45 
Arc II. 5 3r 


Lat. correction 34-3 


Log. 2-1062 
L.sec. 10-1909 

L. co-sec. 10-2553 
L. sin. 8-9829 
Log. 15353 
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Fig. t. 


Explanation of the figure. 


ZA Zenith dist,, rst obs 
ZB Zenith dist., 2nd obs 


NWSE &ational horizon. 
WQE = Equinoctial. 
WZE Prime vertical. 

s Observer's mer. 


The pole. 
and side A 


Orr wWosz 
Bw oO BN 


D. H. M. a. 
M.T.G. Istoba, 27 2% 2% 43 
M.T.G. 20d obs. 3 54 408 
4 29 578 
+ 2-2 
4 


Mean interval 
Eq. time 


App. interval 30 00 


Ist true alt. 


ist true zenith dist. 


Polar dist. at middle time. 


Cc. 


Great circle joining A B. 
Sun's position, 1st obs. 
Sun's position, 2nd obs. 


aor A’A 1st true alt. 
b or B’ B 2nd true alt. 
ForPZ Co-lat. 
lorQZ Latitude. 


Perpendicular bisecting angke P } AC is Arc I. 


Z Dis Arc II. and is perpendicular ta P C. 


C Dis Arc III, 
P Cis Arc IV, 
P Dis Arc V. 


Direct METHOD 


The following is the direct method of finding the latitude by double 
altitudes. The same data as used in Example x are used in this example. 


Eq. time 
48s Dec. 
46 Corr. 
240 
192 
amie: P. dis. 
2160 at obs. 
ry ’ * 
2I 33 43 


go oo 00 
68 26 17 





BPS ee Var, 
7 51 538. 65676" Deo. 
+ a4 6 Corr. 
7 62 27 34-056 
90 009 
P. dist. 
97 62 7% nd abs. 
2nd true alt. 








ere ver 
7 61 53:3 8B. 66 76- 
— 8 414 39 
7 48 119 51084 
20 oo 00 17025 
7 48 13 221-364 
3 44 
°. ‘ * 
28 15 3 
go 00 00 
6r 44 57 


2nd true zenith dist. 
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In the spherical triangle P A B, Fig. 2 ; given Z P, the apparent interval, 
P A the first polar distance, and P B thesecond polar distance, to find A B. 


Pormiula— ; 
Hav. 6= hav. 7 P x sin. PA X sin. PB 
Nat. hav. A B = nat. hav. @ +- nat. hav. (P A ~ P B) 


N.B.—When the difference between PA and P B is less than 15 minutes of arc, 6 18 equal 
to A B. 


R. M. 8. 
Z2P 4 30 Oo L. Hav. 948948 





PA 97 52 27 L. Sin. 9-99589 (x) 
PB 97 48 12 L. Sin. 9:99596 
6 66 47 10 L. Hav. 9-48133 


PA~PB 0 4 35 


6 = AB = 66° 47’ 10” because the difference between P A and P B is 
less than 15 minutes of arc. 





Fig.2. 


Explanation of the fgure. 


NWSE Rational horizon. Zz The zenith. 

WQE Equinoctial. ZA 1st zenith dist. 

WZE Prime vertical. ZB 2nd zenith dist. 

NZS Observer's mer. P The pole. 

aa Parallel of dec. PA Polar dist., 1st obs. 

AB Arc of great circle joining A | PB Polar dist, 2nd. obs. 
and B. PZ Co-lat 

A Sun’s position, rst obs. 

B Sun’s position, znd oba. 
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In the same triangle, given the sides P A, P B, and A Bto find ZA. 
Formula— 3 

A _ ,/sin. Sx sin. (S—PB) | _PA+PB+AB 
ee ds. Pan Ae. ee 


PB 97° 48’ 12” 
PA 97 52 27 L.Co-sec. 10004114 
AB 66 47 10 L.Co-sec. 10°030720 
202 27 49 
S 131 13 55 L. Sin. 9876245 (2) 
S—PB 33 25 43 L. Sin. 9°741071 
teh e 2)19°658150 
2 47 34 bad L.Cos. 9829075 
LA=95 8 48 
In the spherical triangle Z A B, Fig. 2.; given the sides Z A, the first 
zenith distance, Z B, the second zenith distance, and A B to find ZC. 
Formula—Same as (2). 
ZB 6x° 44’ 57” 
ZA 68 26 17 L.Co-sec. 10°031500 
AB 66 47 10 L.Co-sec. 10-036720 


2)196 58 24 


S 98 29 12 L. Sin. 995218 (3) 
S~—ZB 36 44 15 L. Sin. a eentO 


2)19°840248 


C 33 4r 42 L.Cos. 9+920124 
2 2 
ZO 67 23 24 
ZD=ZA—ZC 
A 95 8 50 
C 67 23 24 
D 27 45 26 


In the spherical triangle P Z A, Fig. 2; given 2D and sides Z A and 
P A, to find P Z, the co-latitude. 


Formula —Same as (r). 
D 27 45 26 L.Hav. 875993 (4) 
ZA 68 26 17 L.Sin. 996849 : 
PA g7 52 27 L.Sin. 9°99589 
_OU.Hav. 872432 Nat. hav. °05300 








ZA~PA 29 20: IO" Wigs Aig Sa ke 7 Nat. hav. -06454 
P Z or co-latitude 40° 6’ 00” Nat. hav. -11754 
go oo oO 


Latitude 49 54 OO N. 
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Example 2.—December 5th, 1890; latitude by dead reckoning 2° 20’ S. ; 
the following observations of the sun were made for latitude by double 
altitudes :~—— 


M.T.G. by chron. (corrected). Obs. alts. sun’s L.L. 


DH OM. OS. en ce 4 
mst obs. Dec. 4 22 47 II Ist obs. 28 47 25 bearing S. 653° E. 
andobs. Dec. 5 2 47 16 2nd obs. 65 25 oo east of meridian 


height of eye 20 feet ; ship's course and distance in the interval between 
the observations N. 34 miles; find the latitude when the second observation 
was made. 








D. H. M. os. Eq. tima me Be om Var. * 2 ° Var. 
M.T.G. latoba, 4 21 47 11 var. Dec. 72 4 55:39. 15°65" a4 699. Is 
M.T.G,.2ndobs.&5 2 47 16 10a. x Shra. Corr. — 44 22 Corr. + Lr] aa 
Maan interval 56 0 56 5a. 22 24 hd 41°35 23 95 48:4 52:64 
Eq. of time - 5 50s. 90 co a0 90 00 OO 
App. interval 5 0 0 P.D. latobs. 67 35 456 P.D. 2nd oba. 67 34 116 
eo « ore 
lat obese. elh. 28 47 35 Son's bearlog 8. 654° B. find oba. alt. 65 25 0 
Corr, + 10 17 Ship'acoursa N. 0? Corr. + LL W 
28 57 48 Angla between course } 1144? nd tr. alt. 65 86 30 
Corr.forrun — 14 & and bearing 180 90 00 00 
lat tr. alt. 29 49 36 654" fnd tr. Z. dist. 24 23 30 
90 00 00 Course 653” and dist. 34 milea 


lat &, Z. dist. 61 16 4 exves 141° in d. lat. col. 


In the spherical triangle A P B, Fig. 3; given 2, P, the apparent interval, 
PA, the first polar distance, and P B, the second polar distance, to find the 
side A B, 


Formula— Hav. 6 =hav. ZP x sin. PA x sin. PB (x) 
Nat. hav. A B = nat. hav. 9 + nat. hav. (P A ~ P B) 





x. M. s. 
ZP 5 © o L.Hav. 9756889 The difference between P A and P B 
ak being less than 15’ of arc, A B and @ are 
PA 67 35 46 L. Sin. — 996592 equal. 
PB 67 34 12 L.Sin.  9:96583 52 
e ’ zs 
@ 68 29 37 Hav. 9-50064 AB= 68 29 37 


TOS 
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In the spherical triangle P A B, Fig. 3; given the three sides P A, 
P B, and A B, to find the angle C. 


Formula— 


Cos. 5 af. S x sin. (S— PB) where Sie PRIFATAS 


sin. PA X sin. AB 


PB 67 34 12 . 
PA 67 35 46 L.Co-sec. 10:034084 
AB 68 29 37 1.Co-sec. 10°03134r 


2)203 39 35 (2) 


S ror 49° 47 L.Sin.  9:990676 
S—PB 34 1§ 35 L.Sin.- 9750466 





e Ke 2)19'806567 
c 36 50 10 L.Cos. 9903283 
2 


ZC 73 40 20 





s 
Fip.d. 


Explanation of the figure 


NWSE Rational horizon. ZB 2nd zenith dist. 

WQE Equinoctial, P The pole. 

WZE Prime vertical. PA 1st polar dist, 

NZS Observer's mer. PB 2nd polar dist, 

dd Parallel of dec. A Sun's position, ist obs. 
AB Arc of great circle joining A and B | B San’s positicn, and obs. 
Zz The zenith. 

ZA 1st zenith dist. 
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In the spherical triangle Z A B, Fig. 3; given Z A, the first zenith 
distance ; Z B, the second zenith distance, and the side A B, to find Z D. 


Formula—Same as (2). 


’ * 


ZB 24 23 30 
ZA 61 16 24L.Co-sec. 10°057039 
AB 68 29 37 L. Co-sec. 10-031341 


2)154 9 31 
S 77. 4 45 L.Sin. 9988862 


S-—-ZB 52 41 15 L.Sin. 9900553 (3) 
2)£9°977795 
a 12 54 2 L. Cos. 9985897 
2 2 
2D 25 48 4 


ZA=2C0+2ZD 


Z£C 73 40 2 
ZD 25 48 04 
ZA 99 28 24 


In the spherical triangle Z A P, Fig. 3; given 2 A and the sides P A 
and Z A, to find P Z, the co-latitude. 


Formula—Same as (1). 


oy (4) 
99 28 24 L.Hav. 976514 
67 35 46 L. Sin. 996592 
6x 16 24 L. Sin. 9°94296 
een ae @Hav. 967402 Nat. hav. +47209 
PA~ZA 6 19 22 . . « « « Nat. hav. -00305 
P Zorco-latitude 87° 9’ o” Nat. hav. °47514 
go 0 Oo 
Latitude 2 5r 00S. 


Z 
P 
Zz 


>>> 
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Example 3.—February roth and r1th, 1890 ; latitude by dead reckoning 
39° 20’ N., longitude 174° 30’ W. ; the following observations of Procyon 
‘a Canis Minoris) were taken for latitude by double altitudes :-— 


Ship time nearly. Time by chron. Obs. altitudes. 
H, M. H. OM. #S. cere 
istobs. 8 27 p.m. Istobs. 8 6 46 tstobs. 49 35 35 bearing S. 40° E. 
2andobs. xr oo a.m, andobs. 0 38 44 2ndobs. 38 26 35 west of meridian 


height of eye 19 feet ; ship’s course and distance in the interval between the 
observations, East, 35 miles. Required the latitude by double altitudes 
when the second altitude was taken. 


. * o 8 * e 
M.T.G.1stobs.10 20 6 46 Dec. 5 30 I8N. Star's bearing S. 40 E. 
M.T.G.2ndobs.1r 0 38 44 go oo oo Ship’s course S. go E 

Mean interval 4 31 58 P.dist. 84 29 42 Angle betweencourse! 50° 
Acceleration + 44°68 and star’s bearing J 
Siderealinterval P 4 32 42:68 Course 50° and dist. 35 miles 
P gives 22°5' in d. lat. col. 
= 2 16 21°34 od) te ow “é 
2 ist obs.a't. 49 35 35 and obs. alt. 38 26 35 
Pe # « Cor. — 5 5 Corr. — 5 27 
QP She ea. 28 49 30 3° and tr.alt. 38 21 8 
Gorr.forrun + 22 30 go oo oo 


Ist tr.alt. 49 53 00 2ndtrZ dist. 51 38 §2 
go oo oo 


ist tr. Z. dist. 40 7 00 


In the isosceles triangle A P B, Fig. 4, given angle P and the sides P A 
and PB, to find the side A B. From P-dropa perpendicular on A B, bisecting 
the angle P and the side A B; then in the right-angled spherical triangle 


APC, right-angled at C, given © the half sidereal interval, and P A, the polar 
distance, to find A C equal to half A B. 


N.B.—Pay strict attention to the plus and minus signs when solving 
problems by Napier’s Analogies. 


Formula— Sin. AC =sin. PA x ein, = 
2 (x) 


o « 
PA 84 29 42 L.Sin. 9:997992 
P 34 #5 20 L.Sin. 9°748557 
2 


AB 2 . “ 
ACor—— 33 54 36 L.Sin. 9°746549 
2 





AB 67 49 12 
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{n the same triangle given P A and A C, to find angle A. 


Formula— Cos. A =tan. AC x cot. PA 
AC 33 54 36 L. Tan. 9827515 (2) 
PA 84 29 42 L. Cot. 8983975 
A 86 17. 7 L. Cos. 8811490 





s 
fig. 


Approximate H.A. for consiructsig the figure. 





HM, a MM. 
Time atship 8 27 Time at ship 13 0 
Sid. time 21 23 Sid. time 21 23 
R.A.M. 5 50 R.A.M. 10 23 
Procyon’s R.A. 7 34 Procyon’s R.A. 7 34 
H.A. istobs. 1 44E, H.A. 2nd obs. 2 49 W. 
Explanation of the figure. 
NWSE Rational horizon, PB Polar dist., 2nd obs. 
WQE_ Equinoctial. PC Perpendicular bisecting angle P and 
WZE Prime vertical. side A B. 
NZS Observer’s mer, P The pole 
dd Parallel of dec. Zz The zenith 
AB Arc of great circle joining A | PZ Co-lat. 
and B. A Position of star, rst obs. 
ZA 1st zenith dist, B Position of star, 2nd oba 
ZB 2nd zenith dist. 
PA Polar dist., 1st obs. 
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In the spherical triangle Z A B, Fig. 4, given Z A, the first zenith distance 
ard Z B, the second zenith distance, and A B, to find angle D. 


Formula— 
D_ ,/in Sx sin. (S—ZB) _ZA+ZA+AB, 
Cos. = 4 “hh TA x ike where S = Stags 
51 38 §2 


ZB 

ZA 40 07 00 L. Co-sec. Io-rg0881 

AB 67 49 12 L.Co-sec. 10-033388 
2)159 35 4 (3) 


S 79 47 32 L.Sin. 9-993071 
S—ZB 28 8 40 L. Sin. 9673662 


. 2)19-89 1002 
D 28 6 27 L. Cos. 9°945508 


2D 56 12 54 
ZLE=ZA—ZD 


LA 8% 1% 7 
ZD 56 12 54 


LE 3 84 33 


In the spherical triangle P Z A, Fig. 4, given angle E and the sides P A 
and ZA, to find P Z, the co-latitude 


Formula— WHav.0 =hav. ZE x sin. PA xX sin. ZA 
Nat. hav. PZ = nat. hav. @ + nat. hav. (PA~Z A) (4) 


ZE 30 4 53 L. Hav. 8-82799 
PA 84 29 42 L. Sin. 9-997992 
ZA 49 7 00 L. Sin. g-8091rg 
o « «9. Hav. 8-63510r Nat. hav. -04316 
(PA~ZA) 44 22 42 . . . . Nat. hav. 14264 


Co-latitude or PZ5r "4 00 Nat. hav. -18580 
go 00 oo 


Latitude 38 56 ooN, 
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Example 4.—March 3rd, 1890; a.m. at ship; latitude by account 
y° 45’ S.; longitude 85° E.; the following observations of ¢« Centauri were 


taken for latitude by double altitudes :— 


Ship time nearly. Time by chron. Obs. alts. a? Centauri. 
H. M, uM. Ss. gt. Sone Xs 
ist obs. 1 25 a.m. istobs. 7 59 20 Ist obs. alt. 34 37 30 bearing S. 19° E. 
tndobs. 4 45 a.m. “and obs. Ir 19 26 2nd obs. alt. 38 7 45 west of Meridian 


Leight of eve 20 feet ; ship’s course and distance in the interval between 
the observations, North, 17 miles: find the latitude when the sccond 
observation was taken. 








DH. M. Be on « of # es + 

M.T.G.Istobs. 2 7 3 % Nea.60 22 9:3. lat obs. alt. 34 37 30 Qnd obs. alt.38 7 35 

M.T.G.2udobsa. 2 it 19 26 99 Oy 69 Corr.-- 5 46 Corr.— 5 95 

Mean interval 3.99 «6 P.diat.29 47 39 Mo ft Qnd tr.alt.38 9 O 

Acceleration = + 329 Corr. forrun — 16 6 9 0 Oo 

Sidcreal dnterval $ 2 35-9 latir. alt. 34 15 34 2ndtr.Z.dist.51 59 O 
Halt sid. interval 1 40195 pe 


lattr.Z.diat.55 44 %2 





Poon a po 
“5 2 #67 


Angle between star's bearing snd abip's course = 161° 16°F -- 161° = 19°, 19’ an course and dist. 17’ gives 
16"1’ in d. lat. col. 


In the isosceles triangle A P B, Tig. 5; given Z P, the sidereal interval 
and the sides P A and P B, to find the side A B. From P let fall a perpen- 
dicular on A B, bisecting the 2 P and the side A B ; then in the right-angled 


; . P : 
spherical triangle A P C, right-angled at C, given z and the side P A io 
find A C, 


Doras Si AC asin, = xen. A 
2 


o ‘ « 


7 25 64 «(52 L. Sin. 9:627264 

PA 29 37 29 L.Sin. 9694005 

ABorac 12 5 44 L. Sin. 9°321269 
2 2 (1) 


Is 


AB 24 Ir 28 


In the same triangle given P A and AC to find 4 D, 


Formula— Cos. 2D =tan. AC x cot. PA 
(2) 


AC 2 5 44 L.Tan. 9331019 
PA 29 37 29 L. Cot. 1o-245155 


ZD 67 51 yo L. Cos. 570174 EE2 
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Approximate H.A. for con- S 
siructing the figure. 
HOM. 

M.T. ship 13 25 

Sid. time 22 41 


R.A.M. 12 06 
Centauri’s R.A. 14 32 


H.A. 1st obs. 2 26E. 


nH. OM. 

M.T. ship 10 45 

Sid. time 22 41 
RAM. 15 26 
Centauri’s R.A. 14 32 


H.A. andobs. o 54 W. 





Explanation of the figure 


NWSE Rational horizon. - PC _ Perpendicular bisecting angle P and 
WQE Equinoctial. side A B. 

WZE Prime vertical. P The pole. 

NZS Observer's mer. Z The zenith, 

dd Parallel of declination. PZ Co-latitude. 

AB Arc of great circle joining A B. | A Position of star, 1st obs. 

ZA Zenith dist., 1st obs. B - Position of star, 2nd obs. 

ZB Zenith dist., 2nd obs. - 

P Band PA Polar dist. 


In the spherical triangle Z A B, Fig.5; given the three sides Z A, Z B 
and A B, to find Z E. 
‘ 


Formula— 


E /sin.S X sin. (S—ZB) .. _ZA+ZB+AB 
Cos. = a aS where S$. =e 





ZB 5x 58 00 
ZA 55 44 22 L.Co-sec. 10-082765 
AB 24 11 28 L.Co-sec. 10°387447 


2)13% 53 50 (3) 


S 65 56 55 L.Sin.  g-y60556 
S—ZBE 13 58 55 L.Sin. 9:383126 


at eS 2)19-813894 
36 10 59 L. Cos. 9906947 
2 





ZE 72 21 58 
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LA=ZLE+ZD 


E 72 21 58 
D 67 51 40 
ZA 140 13 38 


In the spherical triangle Z P A, Fig. 5; given P A, ZA, and Z A, to find 
P Z, the co-latitude. 


Formula— Hav. 6 = hav. A X sin. PA X sin. ZA 


Nat. hav. P Z = nat. hav. @ + nat. hav. (P A ~ Z A) 


A 140 13 38 L.Hav. 9°94659 (4) 
ZA 55 44 22 L. Sin. 991724 . 
PA 29 37 29 L. Sin. g-6940r 
, 8L Hav. 955784 Nat. hav. +36127 
3 f° 8) Nat. hav. -05105 
P Z or co-latitude 79 54 00 Nat. hav. -41232 
go 00 00 


Latitude 10 6 o0S, 





ZA~PA 2 6 53 ; 





EXAMPLES FOR PRACTICE IN FINDING A SHIP'S POSITION FROM TWO 
OBSERVATIONS 


N.B.—To correct the altitude for run the azimuth is required; this 


can be taken from Norie’s A and B Tables. 


Example 1.—December 3rd, 1890, at ship, the following observations of 


the sun were taken :— 


Approx. ship time. Chron. time. Alt. sun’s L.L. 
He M. H. M. s. 
9 Oam, 9 31 2 48° 26’ 35” bearing N. 84° E. 
I I0 p.m. I 4m 2 tg Oo oO 


height of eye 17 feet. At the time of taking the first observation the 
ship by dead reckoning was in latitude 36° S. ; longitude 10° W. The true 
course in the interval S. 27° E., distance 32 miles. The chronometer was 
supposed to be correct for Greenwich meantime. Required the latitude at 
the time of taking the second observation. 

Ans, Lat. 36° 13’ 55’S. 
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Example 2.—November 3rd, 1890, at ship, the following observations of 
the sun were taken :— 


Ship time nearly. Chron. time. Alt. sun’s L.L. 
H. M. H. M. s. 
7 50 a.m. 2 56 59 19° 26' 25” bearing S. 66° E. 
Io 50 a.m. 5 560 45 SI 4I 23 


height of eye 26 feet. When the first observation was taken the ship was 
in latitude by account 19° N.; longitude by account 65° E. The true 
course in the interval was S. 24° W., distance 32 miles. The chronometer 
was supposed to be 15m. 4os. slow for Greenwich mean time. Required the 
latitude when the second observation was taken. 

Ans. Lat. 18° 47' 57” N. 


Example 3.—January roth, 1890, at ship, the following observations of 
the sun were taken :— 


Ship time neaily. Chron. time. Alt. sun’s L.L. 
Hy. OM. HH. M. s. 
9 53a.m. I 30 54 15° 12’ 46” bearing S. 30° E. 
© 55 p.m. 4 32 +X 20 3 29 


Index error of the sextant 2’ to be added, height of the eye 26 feet. When 
the first observation was taken the latitude by account was 47° N. ; longi- 
tude by account 52° 30’ W. The true course in the interval was S.W., 
distance 3r miles. The chronometer was supposed to be correct for 
mean time at Greenwich. Required the latitude of the ship when the 
second observation was taken. 


Ans. Lat. 46° 48’ N. 


Example 4.—June 14th, 1890, at ship, the following observations of the 
sun were taken :— 


Approx. ship time. Chron. time. Alt. sun’s L.L. 
H. M. H. M. s. 
7 40 a.m. Io 20 49 23° 56’ 6” bearing N. 66° E. 
TO 55 a.m. T 35 39 63 54 57 


height of eye 19 feet. At the time of taking the first observation the ship 
was by dead reckoning in latitude 3° N. ; longitude 40° 30’ W. The true 
course in the interval was S. 66° W., distance 20 miles. The chronometer 
was supposed to be correct for Greenwich meantime. Required the latitude 
at the time of taking the second observation. 


Ans. Lat. 3° 2° 547 N. 


Example 5.—January 26th, 1890, at about 10h. 57m. p.m. ship time, 
and again at about 4h. 5m. a.m. January 27th, the following observations 
of Regulus (+ Leonis) were taken : 


. 





Chron. time. Star’s alt. 

H. uM. s. 

Il 55 0 41° 44’ 40” bearing S. 52° E. 
5 2 40 40 16 ° 


height of the eye 20 fect. When the first observation was taken the ship 
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was in latitude by account 49° 50’ N.; longitude by account 11° W. The 
true course in the interval E. 8° N., distance 36 miles. The chronometer 
was supposed to be correct for mean time at Greenwich. Required the lati- 
tude of the ship when the second observation was taken. 


Ans. Lat. 49° 50’ N. 


Example 6.—January roth, 1890, at about 8h. 5m. p.m. ship time, 
and again January 11th at about oh. 2om. a.m. ship time, the following 
observations of Sirius (¢ Canis Majoris) were taken :— 


Chron. time. Star's alt. 

H. M. s. 

ro 14 26 12° 15’ 20” bearing S. 65° E. 
2 31 26 2 34 416 


height of eye 19 feet. When the first observation was taken the position 
of the ship was supposed to be latitude 50° N., longitude 30° W. The true 
course in the interval was west, distance 38 miles. The chronometer was 
supposed to be 2m. Ios. fast for mean time at Greenwich. Required the 
latitude when the second observation was taken. 


Ais. Lat. 50° 10’ N. 


Example 7.—August 12th, 1890, at about rrh. 4qm. p.m. ship time in 
lat. by dead reckoning 51° 30’ N., long. by dead reckoning 6° W., when the 
chronometer (corrected) indicated oh. 4m. 50s. the following simultaneous 
observations were taken :—Capella (¢ Aurigz) observed altitude was 
19° 36’ 30” east of the meridian and Benetnasch (7 Ursz Majoris) observed 
altitude was 26° 55’ 40” west of the meridian, height of the eye 24 feet. 
Required the ship's position. 


Ans. Lat. 50° 58’ N.; Long. 6° 12’ W. 


Example 8.—March 2nd, 1890, at about 7h. 22m. p.m. ship time in 
latitude by account 46° 43’ N., longitude by account 52° 30’ W., the follow-. 
ing observations were taken when the chronometer indicated roh. 42m. 20s.' 
Procyon (¢ Canis Minoris) observed altitude 44° 17’ 30” east of meridian 
and Aldebaran (« Tauri) observed altitude 53° 46’ 20” west of meridian, 
height of the eye 24 feet. The chronometer was supposed to be 6m. 36s. 
slow on mean time at Greenwich. Required the latitude and longitude by 
observation. 


Ass. Lat. 47° 0’ N.; Long. 52° 4’ W. 


Elements from the Nautical Almanac, see page 585 « 





EQUATION OF EQUAL ALTITUDES 
FOR FINDING THE ERROR OF THE CHRONOMETER 


In the case of a star the casterly and westerly hour-angles correspond- 
ing to the equal altitudes will be the same, and consequently half the sum 
of the times by chronometer when, the observations were made is the 
exact time of the meridian passage of the ster; but for the sun and planets 
the easterly and westerly hour-angles are unequal, in consequence of the 
change of declination in the interval. Half the sum of the times by 
chronometer when the observations were made is not, therefore, the correct 
time of meridian passage. The correction to be applied to the half-sum 
of the chronometer times to give the exact time of the meridian passage is 
called the Equation of Equal Altitudes. 

The Observation by the Sun—On shore, at a place whose longitude is 
acetsrately known, and whose latitude is approximately known, observe 
with an artificial horizon the same altitude both in the morning and in 
the afternoon, as near the prime vertical as convenient after the altitude 
is more than 10°, noting the times by a chronometer. In low latitude, 
however, the method of equal altitudes will often give very accurate 
results, even when the observations are quite near the meridian. 

In general, a sufficiently accurate result may be obtained if the obser- 
vations are taken when the sun’s change of altitude is not less than 10” in 
half a second of time, or when the change in the altitude taken with the 
artificial horizon is not less than 20” in half a second of time. 

It is most convenient, as well as conducive to accuracy, to take the 
observation in the following manner. In the morning biing the lower limb 
of the sun, reflected from the sextant mirrors, and the upper limb of that 
reflected from the mercury, into approximate contact ; move the o (zero) 
of the vernier forward (say from 10’ to 20’), and set it on a division of the 
limb ; the images will be over-lapped and will be separating ; wait for the 
instant of contact, note it by chronometer, and immediately set the vernier 
on the next division of the limb, that is ro’ in advance ; notice the instant 
of contact again, and proceed in the same manner foras many observations 
as are thought necessary. If the sun rises too rapidly let the intervals on 
the limb be 20’. 

Find (roughly) the time when the sun will be at the same altitude in the 
afternoon, and just before that time set the vernier on the last altitude 
noted in the morning (of course using the same sextant) ; the images of the 
sun will be separated, but will be approaching ; wait for the instant of contact, 
note it by chronometer, set the vernicr back to the next division of the 
limb (x0’ or 20’ as the case may be), note the contact again, and so proceed 
until all the a.m. altitudes have been aga n noted as p.m. altitudes. 

RuLe.—For the Greenwich Date—To the date at place (noon) 
oh. om. os. apply the longitude in time, additive if W., subtractive if E.; 
the result will be the Greenwich apparent date. 
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From the Nautical A’manac, p. I., take out the sun’s declination and 
the equation of time, and correct them for the Greenwich apparent 
date. 

For the Interval and the Middle Time by Chronometer.—Find the mean 
of the first times of observation shown by chronometer, and also the mean of 
the second times by chronometer ; take the first mean from the second mean for 
the interval between the observations. Then take the /alf of the interval, 
and add it to the mean of the first times by chronometer ; the result will be 
the middle time by chronometer. 

For the Change of Declination in Method I.—From Nautical Almanac 
write down the sun's declination for the day preceding and the day follow- 
ing the date of observation ; take their difference and reduce the result to 
seconds ("), for the change of declination in two days. 


Note.—In March and September when the declination has changed its name, the sum of 
the declinations may be their difference. 


For the Change of Declination in Method If.—Multiply the ‘‘ Var. in I 
hour ”’ by the half-elapsed time. 


Method I. 


Ruve.—1. For the first part of the equation of equal altitudes. add 
together— 

Log. A of the interval (Table for Computing the Equation of Equal 
Altitudes in Norie’s Tables). 

Log. of the seconds in the change of declination in two days, and 

Log. tangent of the latitude of observer. 

The sum will be the log. of the first part, and take out the number 
corresponding thereto. 

2. For the second part of the equation of equal altitudes, add together— 

Log. B of the interval (Table for Computing the Equation of Equal 
Altitudes in Norie’s Tables). 

Log. of the seconds in the change of declination in two days, and 

Log. éangené of the declination. 

The sum will be the log. of the second part and take out the number ' 
corresponding thereto. 


Method II. 


Rure.—rz. For the first part of the equation of equal altitudes, add 
together— 

Log. of the seconds i in the change of declination in half-elapsed time. 

Log. co-secant of half-elapsed time. 

Log. tangent of the latitude. 

The sum, rejecting 20 from the index, w‘ll be the logarithm of the firsé 
part, and take out the number corresponding thereto. 

2. For the second part of the equation of equal altitudes, add together— 

J.og. of the seconds in the change of declination in half-elapsed time. 

Log. co-tangent of half-elapsed time. 

Log. tangent of the declination. 


474 EQUATION OF EQUAL ALTITUDES 


The sum, rejecting 20 from the index, will be the logarithm of the second 
part, and take out the number corresponding thereto. 


Formula— 
e=c xX co-sec. kh x tan. —c x cot. hk x tan. d 


where ¢ is the equation of equal altitudes, c is the change of declination in 
half-elapsed time, / is the half-elapsed time, / is the latitude, and d the 
declination. 

For both Mcthods.—Mark the first part + when the polar distance is 
increasing, and — when it is decreasing. 

Mark the second part + when the declination is increasing, and — when 
it is decreasing. 

When the parts have the same sign their sum is the equation of equal 
altiludes, of the same sign as the parts. 

When the paris have different signs their difference is the equation of equal 
altitudes, of the same sign as the greater. 

Note to Method II.—The equation of equal altitudes is in seconds of arc, 
it must therefore be divided by 15 to give seconds of time. 

The application of the equation cf equal altitudes to the middle time 
by chronometer gives the corrected middle time by chronometer when the sun 
was on the meridian of the place of observation. 

For the Error of the Chronometer on Mean Time at Place-——To the 
date at place d. oh. om. os. apply the equation of time according to precept, 
Nautical Almanac, p. I., the result will be mean time at place, the difference 
between which and the corrected middle time by chronometer will be the error 
of Chronometer on mean time at place of observation. 

For the Error of the Chronometer on Greenwich Mean Time.—To the mean 
time at place apply the longitude in time, additive if W., but subtractive 
if E.; the result will be mean time at Greenwich, the difference between 
which and the corrected middle time by chronometer will be the error of the 
chronometer on Greenwich mean time on the given date. 

Example-—March 2nd: lat. 32° 2’ N., long. 83° 3’ W. : the following times - 
by chronometer were noted when the sun had equal altitudes. 


At the a.m. sights. At the p.m. sights. 
HOM. S. H. M.S. 
2 38 12 8 17 30 
3.1 9 7 40 22 
3 52 12 7 3 11 


Required the equation of equal altitudes, also the error of the chronometer 
on mean time at place, and on mean time at Greenwich, 








DoH. M.S. M. s. 
March 2. 0 © © Decl. (N.A.p.1.) 7° 6’ 375 S. Eq. T. (N.A. p. 1.) 12 1857 
Long. W. 5 24 12 57°3%54 — 5 9°74 ‘522X544 — 2°82 


App.T.Gr. 5 24 12 Cor. decl. 7 0 54°15. + 12 15°75 
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ist times by chron. 2nd times by chron. March 1st decl. (N.A. p. J.) 7° 28’ 5576S. 
HL M.S. H. M.S. » 3grd ,, Na 6 43 56S. 
2 38 #12 8 17 30 ce 
3°15 9 7 40 22 13538 
3 52 12 7 3 #41 ee 
3)9 45 33 3) 23 : 3 Change of decl. in 2 days 2750 
ist mean 3 15 I and mean 7 40 21 


1stmean 3 15 If 
Interval 4 25 10 


}-interval 2 12 35 
ist mean 3 #I'5 If 


Middle T. by chron. Mar.2 5 27 46 


H. M. S. 

Interval 4 25 10 Log. A 77492... eee «Cog. B_o76721 
Change of decl. 2750 Log. 3543903 6. 6 + 6 ee 6 e+) 6374393 
N. lat. 32° 2° Tan. 9°7964 S. decl. 7° 1’ tan. g-ogo2 

5 — 8 =—- 

ist part — 9°66 Log. 0-9849 and part 1-59 Log. a:2016 

and part — 1°59 
Sum — 11-25 because the signs are alike. 
H OM. S. 
Middle T. by chron., March 2 5 27 46 
Equat. of equal alt. — 12 
Corrected middle time by chron. at app. noon 5 27 34°38 
D. HM. S. 
Apps T. ship, March 2 0 @ oO 

Eq. T. + 12 15°8 HOM. = 6S. 
Mean time at chip O72 2FE 6 a we 6 oes OSI as 

Corrected mid. ‘T. by chron. 5 27 34:8 Long. intime 5 24 I2 
Chron. fast on M.T. ship 5§ 15 19 M.T.G. 5 36 27°8 
Cor. mid. T. by chron. 5 27 34:8 

Chron. slow on M.T.G. 8 53 


Example.—June 16th: lat. 10° 26’ N., long. 45° 1’ E.: the following times 
‘by chronometer were noted when the sun had equal altitudes— 


At the a.m. sight. At the p.m. sight. k 
H. M.S. H. M.S. 
6 58 58 I 57 48 


Required the equation of equal altitudes, also the error of the chrono- 
meter on mean time at place, and on mean time at Greenwich. 


D H. M. S. M. S. 
June 16 © «0 «os x6th decl. (N.A. p. I.) 23° 22 3%5N. Eg. T.(NA pL) 0 23°6 


‘Long E. 3.9 4 5°17 X3 — 15°5 54X3 — 16 
A.T.G. 15 20 59 56 23 21 48 N. + 0 22 
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HOM «6S. 
ret time by chron. 6 58 58 Var. fn x hour 5°17 
2nd oy ” r 57 48 H.E.T. 3°5 
Interval 6 58 50 2585 
j-interval 3 29 25 155t 

Ist time 6 58 5S 


HOM. Ss. Change of decl. 18095 
Middle T. by chron. ro 28 230r22 28 23 for Gr. date. 


Change of decl. 18°-09 Log. 1:2574 - « 2 + « » Log. 12574 








H.E.T. 3h. 29m. 25s. Co-sec. IO‘IOIg 2 ew ew ee ee Cot. 9:8873 
Lat. r0° 26’ Tan. 9:265r1 . . . Decl. 23° 22’ tan. 9°6355 

a Ss 
ist part — 4-20 Log. 06239 . . . 2nd part 6-03 log. 0-7802 


2nd part + 6°03 
15)1-83 Diff. because the signs are unlike. 





+ O-I2 


Ho OM. S, 
Middle T. by chron. 10 28 23 
Eq. equal alt. + x 


Corrected mid. T. by chron. at app. noon 10 28 23:1 
Or, for Gr. date 22 28 23-1 


BD. FR. MR 
App. T. ship, June 16 © © © 
Eq. T. + 22 D. H. M. &. 
M.T. ship , 16 © © 22° * °° * * 3 # ¢% 16 0 © 22 
Cor. mid. T. by chron. ro 28 23-1 Long. E. a a 
; ° 8 
hron. slow on M.T. at shi I 3r 58 M.T. at Gr. 26 9 1f 
z e P ee Cor. mid. T. by chron. 22 28 2371 
Chron. fast on M.T. Gr. ro28 #451 


EQuaL ALTITUDES OF A Fixep Star. The Observation.—Set the sextant 
and wait for the coincidences of the two images of the star, as in the case of 
the sun’s limb, noting the times by chronometer. 


The Computation—Take the mean of the times before the meridian 
passage, also the mean of the times after the meridian passage. 


The mean of the two sets of times is the chronometer time of the star's 
transit. This time, if the chronometer is right, will agree with the true mean 
time of the star’s transit, which is found as follows— 


To the star’s right ascension apply the longitude (in time) of the place, . 
adding in W., subtracting in E.; the result is the Greenwich sidercal time 
of star's transit ; from this subtract the sidereal time at the previous mean 
noon at Greenwich (Nautical Almanac, p. II.) ; the remainder is the sidercal’ 
interval since mean noon. From the Table for Reducing Sidereal to Mean 
Time, ‘‘ Retardation,” with the argument sidereal interval take out the 
correction, which subtract from the sidereal interval ; the remainder is the 
Greenwich mean time of star's transit. The time by chronometer will be 
more or less than this, according as the chronometer is fast or slow. 
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Example—July 12th: lat. 33° 56’ S., long. 18° 29’ E. ; equal altitudes 
of Aritares (a Scorpii) were observed as follows. Required the error of the 
chronometer on mean time at Greenwich. 


% Chron. times, object E. Chron. times, object W. 
H. OM. S. H. M.S. 
5 32 Ty 9 42 «0 
5 33 5° 9 4O 40 
5 36 47 9 37 41 
3)16 42° «5t 3)29 oOo 2r 
E. chron. times 5 34 17 9 49 7 
WwW.» o 9 49 7 H. OM. S. 
2)15 14 24 (N.A.) Antares R.A. 16 22 41-6 
ne 18° 29’ long. E. & 13 56 
Chron. T. of *’s transit 7 37 12 é = 
GT. .. Pe 7 46°=«9 Gr.sid.T. 15 8 45:6 
———___ 12th, Gr. sid. T. (N.A.p. IL) 7 22 r9-g 
Chron. slow on M.T.G. 8 57 : : ————“— 
+ Sidereal int. 7 47 25:7 
Retardation — 1 16:6 
Gr. M.T. of *'s transit 7 46 °K 


Examples for Practice 


Example t.—August 27th : in lat. 32° 3’S., long. 115° 46’ E. ; the follow- 
ing times by chronometer were noted when the sun had equal altitudes— 


At the a.m. sights. At the p.m. sights. 
H. M.S. H M.S. 
2 0 0 6 3r 20 
2 8 20 6 23 Oo 
2 14 31 6 16 “49 


Required the equation of equal altitudes ; also the error of the chrono- 
meter on mean time at place, and on mean time at Greenwich. 

Ans. Equation of equal altitudes—1o0-99s. Chronometer fast on M.T. 
at place gh. rgm. 2s. Chronometer slow on M.T. Gr. 2m. 54s. 


Example 2.—January 12th: in lat. 20° ro’ S., long. 37° 32’ E.; the 
following times by chronometer were noted when the sun had equal 
altitudes— 


At the a.m. sights. At the p.m. sights. 
H. M.S. HOM. SS. 
6 8 2 Io Ir 4 
6 38 25 9 40 50 
7 7 4% 9 IT 51% 


Required the equation of equal altitudes; also the error of the chrono- 
meter on mean time at place, and on mean time at Greenwich. 


Ans. No equation of equal altituttes. Chronometer slow on M.T. at 
place 3h. 58m. 55s. Chronometer slow on M.T. Gr. 8m. 4735. 
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Example 3.—April 13th: in lat. 30° 25’ N., long. Sr° 25’ W. ; the follow- 
ing times- by chronometer were noted when the sun had equal altitudes— 


At the a.m. sights. At the p.m. sights. 
H. M.S. H. M.S. 
2 42 50 8 18 50 
2 44 20 8 17. 0 
2 46 47 8 15 49 


Required the equation of equal altitudes; also the error of the chrono- 
‘meter on mean time at place, and on mean time at Greenwich. 


Ans. Equation of equal altitudes—7s. Chronometer fast on M.T. at 
place 5h. 30m. 23s. Chronometer fast on M.T. Gr. 4m. 43s. 


Note.—Owing to the facility with which Greenwich mean time is obtained in the principal 
ports of the world, the method of determining the error of the chronometer by equal altitudes 


4s almost obsolete in the Merchant Service ; but it is still an essential problem in a surveving 
vessel. 


GREAT CIRCLE SAILING 


On the sphere the shortest distance between two places is the arc of a 
great circle intercepted between them, as may be readily tested experiment- 
ally by stretching a thread evenly between any two places selected at random 
on the surface of a terrestrial globe. Hence Great Circle Sailing is the 
method of finding what places a ship must go through, and what courses she 
must steer, that her track may be on the arc of a great circle (or nearly so) 
passing through the place sailed from and that bound to. This was well 
understood by the old navigators, who continually practised this method, 
and especially before the introduction of Mercator's Chart. Thus John 
Davis at the end of the sixteenth century, in “ The Secrets of the Sea,” 
says that “ Great Circle navigation is the chiefest of all the sailings, in which 
all the others are contained, and by them this kind of sailing is per- 
formed, continuing a course by the shortest distance between places, not 
limited to any one course, but by it those courses are ordered to the full per- 
fection of this rare practice, whose benefits in long voyages are to great 
purpose, disposing all traverses to a perfect conclusion.’’ And again, the 
pilot ‘shall by this kind of sailing find a better and shorter course, 

so that without this knowledge I see not how courses may 
be ordered to their best advantage.” 

The fundamental theorem of. what the old navigators usually called 
“ globular ”’ sailing is therefore this,—that the arc of a great circle joining 
two points on the surface of a sphere is the shortest distance between them ; 
and on no other than ona great circle course does the ship steer for her 
port, heading towards it as if it were in sight. 

Steamers be ng to a certain extent independent of winds and currents 
can take a great circle route which is impossible to sailing ships, but the 
latter may often shorten the distance, when adverse winds are encountered, 
by taking a course anywhere between the Great Circle and the Rhumb 
line. When the places are widely separated, as in high southern lati- 
tudes, a great circle course is impossible to steamer and sailing ship alike, 
but advantage may be taken of a composite route, formed by sailing partly 
on a great circle and partly on a parallel. 

Windward Great Circle Sailing.—On this subject Towson’s observations 
are trite and to the point. 

““ When a ship cannot (on account of adverse winds) sail directly to her 
port, she obviously ought to be put on that tack by which she nears her port 
by the greatest proportion of the distance sailed. It is also evident that she 
must do this when her track deviates by the least amount from the direct 
line which connects her with her destination, or, in other words, when she 
is put on that tack which deviates less from the true course than the other 
tack. In adopting this rule, it must, however, be especially borne in mind 
that the érwe course alone can serve as a guide in choosing the tack ; and that 
the Great Circle, and not the Rhumb, is the érue course. But, since the 
mariner is more conversant with the Rhumb than the Great Circle, too 
much attention cannot be directed to the importance of making this 
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distinction between these two courses in connection with windward sailing. 
In crossing the Pacific, the- Rhumb course frequently deviates four points 
from the true course; under such circumstances it is impossible that 
the mariner can navigate his vessel with advantage, if he fail to make him- 
self acquainted with the Great Circle course. 

“The term ‘ Windward Great Circle Sailing,’ is employed with special 
reference to these facts. This new form of describing the application of 
the frie course is rendcred necessary on account of the prevalent erroneous 
opinions—that ‘to a sailing vessel, Great Circle Sailing is of compara- 
tively little value ;’ and that ‘steamers, being in a measure independent 
of the winds, could, more readily than sailing vessels, avail themselves of the 
advantages of Great Circle Sailing.’ The reverse is the fact: to a sailing 
vessel the advantage of being guided by the true course, when contending 
with adverse winds, is fourfold as great as that which is conferred on a 
steamer. Thus, for example, the increase of distance arising from the direct 
track being diverted two points is only one mile in 12; but, if a ship that 
sails six points from the wind deviate two points further from the angle of 
the true position of her port on account of the wrong course being em- 
ployed, she cannot in the least degree near her port, whilst, under the same 
circumstances, the knowledge of the true course would enable the mariner 
so to choose his track as to make good 8} miles by a run of r2 miles. 

“The rule for Windward Great Circle Sailing is as follows :—Ascertain 
the Great Circle course, and put the ship on that tack which is the nearer 
to the Great Circle course.”’ 

Composite Great Circle Sailing—When the track shows that the Great 
Circle would take the ship into too high a latitude, a maximum latitude is 
selected, and two great circles are drawn touching the parallel of the maxi- 
mum latitude chosen, the one through the point of departure, the other 
through the point of destination. The ship first sails on the great circle 
from the point of departure until she reaches the selected parallel of 
maximum latitude, then she sails along this parallel until she reaches the 
point where the second great circle drawn from the point of destination 
touche, the maximum latitude, and finally along the second great circle to 
their destination. 

All the computations in Great Circle Sailing are effected through the 
methods of spherical trigonometry. Into these it is presently intended to 
enter, but it may be well to indicate a few of the principal terms connected 
therewith. The equator, which is a great circle, bisects every other great 
circle on the earth's surface, and there must necessarily be two points in 
every such circle equidistant from the equator and at the same time 
farthest removed from it ; in Great Circle Sailing each of these points is 
called the Vertex ; and the Latitude of Vertex, which is the highest latitude 
attained in sailing on a great circle, is the nearest approach to the elevated 
pole. ._The meridian cutting the Great Circle atthe vertex is the Meridian 
of Vertex; and the Longitude from Vertex is the arc of the equator inter- 
cepted between the meridian of any place and the meridian of vertex. 

The Great Circle and the Rhumb line differ most widely from each other 
in high latitudes and between places on nearly the same parallel When 
the two places are on opposite sides of the equator, the Great Circle and the 
Rhumb line intersect each other, and the difference between them is not so 


perceptible. 
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Bear in mind that every point of a Great Circle course lies in a higher 
latitude than any point having the same longitude on the Rhumb line ; 
and acourse taken anywherc between the Great Circle Course and the Rhumb 
line will be attended with some saving of distance as compared with the 
Rhumb. 

Mercator’s Sailing answers every purpose for short voyages, or with- 
in the tropical regions ; but in the present day cf long voyages and great 
competition, much time and distance can be saved by resorting to the 
Great Circle track, or to a compromise between it and the Rhumb track, 
ca led a Composite track. , 

The great obstacle which once existed against the practice of Great 
Circle Sailing, viz., the determination of the longitude, a necessary element 
in the calculations, no longer exists. Again, the great labour of deter- 
mining various points and pricking them off on a Mercator’s Chart, drawing 
through them a freehand curve, is obviated by the use of charts upon which 
all great circles are represented as straight lines; hence, as with a Rhumb 
line on the Mercator’s Chart, the entire track may be seen and obstacles 
thereby avoided. 

Hence, there are two advantages in favour of the Great Circle track 
over the Rhumb track : the difference of distance and the great ratio in which 
it increases in high latitudes and between places separated by many degrees 
of longitude; and the difference of time saved on a voyage by a proper 
application of the principles of the great circle. 


DEFINITIONS CONNECTED WITH GREAT CIRCLE SAILING 


I. Circles on the sphere or globe are of two kinds, great and small. 

II. A great circle divides the sphere into two equal parts or hemispheres, 
its plane passing through the centre of the earth. The equator and meri- 
dians are great circles, but an infinite number of such circles can be projected 
on the sphere. 

Ill. A small circle is one which divides the sphere into two unequal parts, 
its plane not passing through the centre of the earth, such as a parallel of 
latitude. 

IV. A spherical arc is any portion of the circumference of a great circle. 

V. A spherical angle is formed by the intersection of two great circles, 
and is measured by the plane angle which measures the inclination of the 
planes of the containing arcs. 

VI. A spherical triangle is a portion of the sphere’s surface included by 
three arcs of different great circles; and each of these arcs is less thana 
semi-circumference, or semi-circle. 

The dala required in the computation are the latitudes and longitudes 
of the two places, and the selection of one of the poles of the earth; pre- 
fereniially, and for convenience, take the pole nearest to the place in the 
higher latitude. The spherical triangle is formed by projecting the meridians 
passing through the two places, and then joining the two places by a great 
circle: thus the co-latitudes (or two polar distances) form the two sides, 
and the difference of longitude the included (or polar) angle. 

Vil. Any two points upon the surface of a sphere must be situated upon 
the arc of a great circle ; and this are is the shortest distance between the 


two places. 
the shortest distance between two places would therefore not be that 
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represented upon a Mercator's chart by the rhumb, or straight line, but 
rather by that represented on a globe by a fine line of silk thread stretched 
from point to point upon its surface. 

Or, more correctly, by means of a terrestrial globe, especially one of 12 
inches diameter, the shortest distance, and at the same time all the other 
elements of the great circle track would be found by bringing both places 
to coincide with the upper edge of the wooden horizon, which itself repre- 
sents a great circle of the sphere. 

The elements which would then appear would be— 


. The distance between the two places in degrees and minutes of arc. 

. The angles of position at the two places. 

. The /atitude of the highest point of the circle, called the vertex. 

. The longitude of the meridian of vertex. 

. A succession of points on the arc, few or many, according to the 
choice of the navigator. 

6. The course and distance from point to point, successively. 


UpwN 


VIII. The angle of position is the angle at the place included between the 
plane of the great circle and the plane of the meridian, and shows the 
angular position of that place from any other place through which the great 
circle passes. Two such angles are found, and they are equivalent to the 
initial and terminal courses at the two places. 

IX. The distance is the arc of the great circle between the two placcs ; 
and being the shortest distance is the track on which the ship should be 
steered so as to head directly towards her port. 

X. The vertex is that point in a great circle which is farthest from the 
equator. There are two such vertices in every great circle, one in the 
northern and one in the southern hemisphere ; they mark in each hemisphere 
the points of greatest separation from the equator, which bisects every other 
great circle on the earth's surface. The arc intercepted between the vertex 
and the equator is called the latitude of vertex ; the meridian that passes 
through the vertex is the meridian of vertex ; and the arc of the equator 
contained between the meridian of vertex and the meridian of any place on 
the great circle is named the longitude from vertex. 

The vertex may or may not fall between the two places ; but if the two 
places are on a parallel of latitude, the vertex will be midway between them. 

The meridian of the vertex always intersects the great circle at right 
angles, and, with the equator, divides a great circle into quadrants ; and in 
each of these quadrants the elements are the same ; that is, the latitudes, 
courses, and distances, corresponding to each degree of longitude from the 
vertex in one quadrant, truly represent those for the corresponding degree 
in each quadrant belonging to the same great circle. 

XI. The angle at which the great circle crosses successive meridians is 
constantly altering, therefore, it becomes necessary to calculate, at recurring 
intervals, the approximate course end distance from point to point along 
the great circle. ‘ 

There are several methods of determining the various parts of a spherical 
triangle, in which the fundamental data are the two sides and the included 
angle ; in the method here given the following order is adopted as most 
direct—arising out of the two co-latitudes and difference of longitude. 
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I. The angles of position at the two places, or the initial and terminal 
courses ; 

2. The distance between the two places ; 

3. The position of the vertex, in latitude and longitude ; and . 

4. A succession of points on the arc of the great circle, with the course 
and distance from -point to point. 


The following diagrams will illustrate the various elements and defini- 
tions.—In Fig. 1, let A P B be a spherical triangle in the northern hemi- 
sphere, the latitudes of A and B are known, A being in the higher latitude ; 
the longitudes of A and B are also known. Let P A be the arc of the 
meridian passing through A, then P A is the polar distance, or co-latitude 
of A (or 90° — Latitude of A); and if P B be the arc of the meridian 
passing through B, then P B is the polar distance, or co-latitude of B (or 
go° — Latitude of B); these are the two sides of the triangle; and the 
angle A P B, equal to the difference of longitude between A and B, is the 
angle included between the two sides P A and P B, and sometimes called 
the polar angle. 





Fig. 1. 


The third side of the triangle, which has to be found, is A B; it is the 
arc of the great circle passing through A and B, and is also the distance. 


P A Bis the angle of position at A, and initial course from A to B. 

P B A is the angle of position at B, and initial course from 
BtoA. 

M is the vertex, or highest latitude on the great circle of which 
A B is an are. 

P M is the arc of the meridian extending through M, and is hence 
the meridian of vertex, reckoned from Greenwich—in this case 
falling between A and B. z 

A P M is the difference of longitude between A and M, and is hence 
the longitude of A from vertex. 


In the lower part of Fig. x all the elements and definitions just noted 
are given, with the same letters dashed, but M’ is outside the arc of the great 
circle A’ and B’. 

In Fig. 2, A being a place in N. latitude, and B in S. latitude, A’s 

FF2 


484 GREAT CIRCLE SAILING 


co-latitude will be 90° — latitude of A, and B's co-latitude = go° + latitude 
of B. reckoned from the pole of higher latitude. 

When the two places lie on the same meridian their difference of latitude 
will be the arc of the meridian between them, and the position from one 
place to the other will be directly north or south. 

When the two places are on the equator the distance between them is 
equal to their difference of longitude, and the position (or course) of one 
from the other will be due east or west. 


General Rule to find the Angles of Position, or Course from A to B 
and from B to A 


Reckhon both co-latitudes from the pole NEARER to A.—Find half the sum, 
and half the difference of the co-latitudes; also find half the difference of 
longitude between A and B. 


To find lhalf sum of the angles at A and B.—Add together the L co- 
tangent of half the difference of longitude, the L secant of half the sum of 
co-latitudes, and the L cosine of half the difference of co-latitudes ; the sum 
of the three logarithms (rejecting index 20) will be the L tangent of /alf the 
sum of the angl:s A ard B. 


To find half the difference of the angles A and B.—Add together the L 
cotangent of half the difference of longitude. the L co-secant of half the 
sum of co-latitudes, and the L sine of half the difference of co-latitudes ; the 
sum of the three logarithms (rejecting index 20) will be the L tangent of /alf 
the difference of the angics A and B. 

The co-latitude of B being greater than that of A, the sum of the two angles 
A+B A- 
and 

2 2 
and their difference the first great circle course from B towards A. 


The course is reckoned from N. if Aisin N. latitude, but from S. if in S. 


on P and = = 


from 180°, changing N. to S. or S. to N. 








will be the first great circle course from A towards B, 


latitude ; also if the sum of 








B Es 
exceeds 90°, subtract it 


Formula—(see Fig. 1) 








Tan OHS dot eee: OE Eee ee 

2 2 2 2 

= AP A — 
Tan. 4 2 = cot. ae co-sec. BEYAS x sin. BP— AP 


To find the Distance 


Add together the L cosine of half the sum of co-latitudes, the L secant 
of (4 sum of angles A and B), and the L sine of half the difference of longi- 
tude; the sum of the three logarithms (rejecting index 20) will be the L 
cosine of half the distance in arc, which take out, multiply by 2, and convert 
ipto nautical miles. 

AB _. cos. Sear % sec. nae X sin. z 


2 = 


Formule— Cos. 
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To know whether the Vertex falls within or without the triangle 


If the angles A and B are both greater or both less than go°, the 
' : metidian of vertex falls within the triangle, but if one angle is greater and 
| the other less than go° the meridian of vertex falls without the triangle. 


Example.—Find by Great Lircle Sailing 
the first course from lat. 37° 31’ S. long. 
178° 1’E. to lat. 55° 59’ S. long. 67° 16’ W. 
find also the distance, the latitude and jong 
tude of the vertex, and of a succession of - 
points on the great circle differing 1ro° in 
longitude commencing with the 180th 
meridian. 





Fig. 3. 


Lat. B 37° 31’ S. co-lat. 52° 29’ (BP) Long. 178° 1’E. 
Tat.A 55 59S. 4 34 1 (AP) os 67 16 W 











Sum 86 30 245 17 
Diff. 18 28 114 43 ~Diff.long. =P 
peat or } sum = 43° 15’ 57° 21}’=}d. long. = == 
SEA or Rediff. = 9° 14° 
For the First Course 
ae BB cat. x oe BE ae eng 2 ae 
2 2 
. Tan, A= ® = cot. F x cosec. BETA? x sin, BPEAP 
z 57° 213’ Cot. 9°806554........640. Cot. 9806554 
- BETSe 43° 15’ Sec. 10°137647 .. cece eeeee Cosec. 10-:164193 
oe g° 14’ Cos. 9°994336...--....... Sin. 9°205354 
A+B 40° 57’ 33” Tan. 9°938537 A~B=8° 31’ 51" ‘Tan. 9176101 


2 2 
A~B 8 3r 51 





£B,or 1st Course S.32 25 42 E. The diff. is taken because AP is less than BP, 
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For the Distance 


AB BRTAP x seo At E 





Cos. “— = cos. a: z 
Bee P 43°15’ 0” — Cos. 9862353 
+5 40 57 33 Sec. ro-r2z95x 
B 57 21 30 ~— Sin. 9925343 
AB =35 41 30 Cos. 9909647 


2 


AB=71 23 0 
60 


Dist. 4283 miles. 


The remaining parts of the ‘‘ Great Circle”’ problem are solved by means 
of Napier’s rules for “ Circular parts ’’ as follows— 


To find Latitude of Vertex 


In the spherical triangle B P M right-angled at M (Fig. 3) given ZB and 
sidc B P to find P M, and its complement equal to the lat. of M— 
Sin. PM = sin. ‘7B x sin. PB 


ZB 32° 25’ 42” sin 9:729363 
PB 52 29 00 sin 9:899370 
PM=25 tro 1g sin 9:628733 


Latitude of M = 64° 49’ 4x”S. 


To find Longitude of Vertex from B 
In the same triangle, given B P, and P M, tofind 7P 
Cos. 7P =tan. PM x cot. BP , 
PM 25° ro’ rq” tan. 9-672067 
BP 52 29 00 cot. 9-585242 
ZP 68 50 54 COS. 9°557309 
Long. B + ZP = Long. vertex. 


Long.B 178° 1’ ofl. 
ZP 68 50 54 


Long.M 246 5: 54E. 
a : 360 00 on 


Long. of vertex M 113, 8 “OW. 
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Lo find the Successive Latitudes at which the Great Circle intersects the 
Meridians, whose Difference of Longitude is a Given Quantity © 


Find the angles at the pole (difference of longitude) between the meridian 
of vertex (the perpendicular) and each successive meridian. Any number 
of degrees may be selected as the difference of longitude, or difference of 
each polar angle; it is usual to take 5° or r0°. 

To find the latitude of the points a, b,c, d, e, f, etc., on the great circle for 
every 10° of long. commencing at the 180th meridian, see Fig. 4, which is an 
enlargement of the triangle in Fig. 3. 

The angle BPM = 113° 8’ 6’ and the meridian Pa is the 180th meridian. 
dherefore the angle aPM = (180° — 113° 8’) = 66° 52’, and the angles in 
succession will be 56° 52’, 46° 52’, etc., until arriving at M, when the angles 
will be 3° 8’, 13° 8’, 23° 8’, etc., until arriving at A. 





Fig. 4. 


In the right-angled spherical triangle a F M, right-angled at M. see Fig. 4, 
given 2 P and side P M, to find Pa or its complement, the latitude. 


Cos. P — tan. PM xX cot Pa 


cos. P 


-. Cot. Pa = tan PM 





or Tan. lat. (2) = cos. P x cot. PM. 


* N.B.—P M is a constant for ali the points to be found, 











PM25° ro’ Cot. 10-3280 Constant 10-3280 Constant 10-3280 

P 66 52 Cos. 9:5943 56° 52’ Cos. 9°7377 46° 52° Cos. 9°8349 
Lat. (a) 39° 54’ Tan. 9-922 Lat. (d) 49° 19’ Tan. 10°0657 _—_ Lat. (¢) 55° 30’ Tan. 10-1629 
Constant 10-3280 Constant 10:3280 ‘Constant 10-3280 

P 36° 52’ Cos. 99032 26° 52’ Cos. 9:9504 16° 52’ Cos, 9-9810 





Lat. (2) 59° 34’ Tan. 10-2311 Lat. (e) 62° 13’ Tan. 10-2784 Lat. (f) 63° 50’ Tan. 10-3090 
Constant 10-32S0 Constant 10-3280 Constant 10-3280 

6° 52’ Cos. g-yy69 3° 8 Cos. 9°9994 13° 8 «Cos. 9-9885 
LLat.(g)64° 403’ Tan. 10-3249 ~~ Lat. (A) 64° 48’ Tan. 10-3274 Lat. (i) 64° 144’ Tan. 10-3105 





Constant 10-3280 Constant 10-3250 Constant 10-3280 
23°8' Cos. 9-9636 33° 8 Cos. 9:9229 43° 8 Cos. 98632 
Lat. (x) 62° 56° Tan. 10-2916 ~—_ Lat. (/) 60° 42’ Tan.10-2509 Lat. (m) 57° 133’ Tan. 10-1912 
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For the Positions on the Great Circle 


Also the Courses and Distances from point to point, by Mercator’s Sailing, 





Successive Successive 


Latitades. Longitudes. ! By Mercator’s Sailing. 

Courses. Distance 
Mile . 

B 37° 31'S. B 178° 1’E. 
@ 39 54 a 180 o Btoa S. 33° 2’ E. 170°6 
b 49 19 b 170 OW. atob S. 37 ol E. 707° 5 
¢ 55 30 c 160 0 b toc S. 44 314 E. 520° 4 
d 59 34 d 150 0 ce tod 5S. 52 49} E. | 403-8 
¢ 62 33 € 140 0 dtoe S. 61 241 E. 332°2 
f 6 5% f 130 0 etof S. 7o12 E. 289-3 
z 64 40 g 120 0 f tog S. 79 20 E. 264°7 
h 64 48 hk 110 0 gtoh S. 8811 E. 252°4 
¢ 64 x4t # 100 0 hk tot N. 82 353 E. 259°8 
k 62 56 k go oa t tok N. 73 34 E. 277°5 
é 60 42 tL 80 0 ktol N. 64 40 E. 313°2 
m 57 34 m 7o 0 L tom N.55 59 E. 37376 
A 55 59 A 67 16 mtoA N. 50 323 E. 116-4 





By Mercator’s Sailing from point to point, Distance ae 4281" 4 





Course and Dist. by Mer. Sailing from B to A = S. 76° 36’ E. 478x_ miles. 
Distance by Mer. Sailing from point to point .......... jaw eet 4281-4 , 
Distance by Great Circle Sailing ........... cece cece eee ees 4283 


Gain by Great Circle Sailing over Mercator’s Sailing 498 miles ; the loss by the 
point to point system is only 1°6 miles. 


Norr.—This example is placed on the small Great Circle Chart, p. 497. 


Example.—A point (A) is in lat. 49° 50° 
N., long. 5° 12’ W., a point (B) is in lat. 
13° 6’ N., long. 59° 20° W. Find by Great 
Circle Sailing the first course from A to B, 
the first course from B to A, the distance 
between the two points, the latitude and 
longitude of vertex, and a succession ef 
points differing 10° in longitude on the 
great circle. Commencing atA— , 





Fig. 5. 


h 
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(A) Lat. 49°50’ N. Co-lat. 40° ro’ (A P) Long. 5° 12’ W. 
(B) , 13 6N. » 76 54 (BP) Long. 59 20 W. 
Sum riz 4 54 8 Diff. long. = P 
Diff. 36 44 


27 4= 4d. long. = 


IU 


BE nE sum 58 32 


BeAr ord diff. 18 22 


For the Angles of Position or Courses 





























BRS ant = cot: x sec. BP+AP, cos, BP = AP 
2 2 2 2 
A-~B tan. = cot. P x cosec, BP FAP X sin. BP-AP 
2 2 2 2 
A+B A~B 
ZAz= 2 + : 
om A+B _A~B 
2 
? 27° 4" Cot. ro-291586..... ve eeeeeeesee Cot, 10:291586 
Lea AP 58 32 Sec. 10°282327.......++++++++-Cosec. 10°069079 
eS P 38 22 Cos. 9°977203....+2-e2eeeeeee Sim, 9°498444 
7 ; B 74° 18’ 6” Tan. 10°551206 A-B 35° 51'54"..Tan. 9859109 
A-B © py ” 
oe 35° 5I 54 


ZA 110° 10’ .*. Ist Course from A to B= N. 110° ro’ W. or S. 69° 50° W. 
Z, B 38° 26’ 12” .-. rst Course from B to A = N. 38° 26’ 12” E. 


For the Distance 


Cos. AB_ cos, BP EAP y cee ATB x gin PF 
2 P 2 2 


peers 58° 32’ o” Cos. 9°717673 
S45 74 18 6 Sec. 10°567716 

z 2740 Sin.. 9°658037 

as 28 36 a4 Cos. 9°943426 


AB= 57 13 44 
60 


Distance 3433°7 in nautical miles. 
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To find the Latitude of M, the Vertex 


In the spherical triangle P B M right-angled at M, Fig. 5, given Z B 
and side PB, to find P M and its complcment the latitude of M. 


Sin. P M and cos. lat.M = sin. PB x sin. B 


Z. B 38° 26 12” .........5.. sin. 9°793546 
PB 76.54: 0: - secssesceess sin. 9°988548 


Sin. P M and cos. lat. M 9782094 
PM 37° 15’ 44”; Lat. M 52° 44’ 16” N. 


To find the Longitude of Vertex 


In the same triangle, given P B and P M, to find 7 P. 
Cos. P = tan. PM x cot. PB 


BoM 37° 15!-44" cceeveest tan. 9°881244 g 
PB76 54 00 ..........-e cot. 9°3668r0 
ZP=79 48 I1 --..eee cos. 9248054 


Long. of B_ 50° 20’ W. 
ZP=D. long. between B and vertex 79 «448 «©E. 


Long. of vertex 20 28 E. 


To find the Latitudes of the Points e, a, c, b, a, on the Great Circle for every 
10° of Longitude reckoned from A 


P 





(Same triangle as Fig. 5, taken 
out and enlarged for clearness.) 


Fig. 5a. 


To find the angle at P— 
Long. M = 20° 28’E. 20° 28’ E. 20° 28’ E. 20° 28'T, 20° 28'F. 
one. (e) =15 12 W. (a) 25 12 W. (c)35 12 W. (b)45 12 W. (a)55 12 W. 
P=35 40 P=45 40 P=55 40 P=65 40 P=75 40 














In the right-angled spherical triangle e P M right-angled at M, Fig. 5a, 
sae ZP Fa side P M to find Pe, or its complement the latitude. 
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Cos. P = tan. PM x cot. Pe 
cos. P t 
‘tan. P M, or 
Tan. lat. (¢) = cos. P x cot. PM. 
N.B.—P M is a constant as before. 
P M 37° 16’ cot. 101187 cot. 10°1187 cot. 10-1187 
P35 40 cos. 9°9098 45° 40’ cos. 9°8444 55°40" cos. 9°7513 
Lat. (e) 46 53 N. tan. 10°0285 (2)42 34N. tan. 99632 (¢)36 33N. tan. 9°8700 


.. Cot.Pe= 








PM 37° 16’ cot. 10°1187 cot. 10'1187 
65° 40" ~— cos. 96147 75° 40" COS. 9°3937 
Lat. (0) 28 26 N. tan. 9°7336 (a) 18 2N. tan. 95124 





In the selection of certain points on the great circle, the smaller the 
alterations in longitude are taken, the nearer will this method approach 
the truth; but it is sufficient at all times to compute to every 5° of longi- 
tude, the length of an arc of 5° differing but little from its chord or tangent. 


The Positions on the Great Circle ‘ 
Also the Courses and Distances from point to point, by Mercator’s Sailing. 





Polar | 
Angle from | 
Vertex. 


Successive | Successive 


Latitudes. | Longitudes. By Mercator's Sailing. 


| Courses. Distances, 


Miles. 
25° 40’ | (A) 49° 50° (A) 5° 12’ 
35 40 | (e) 46 52 (e) 15 I2 | (Atoe)S. 66° 1'W.| 436°5 


45 40 | (ad) 42 34 | (d@) 25 12 |(etod) 58 46 498-4 
55 40 | (c) 36 33 | (c) 35 12 |(dtoc) 51 59 586-2 
65 40 (b) 28 26 | (b) 45 12 |{(ctod) 46 5 702°0 
75 40 (a) 18 2 | (a) 5§ 12 | (btoa) 4I 21 832-5 


79 48 | (B) 13 6 (B) 59 20 | (atoB) S.39 2W. | 379°8 





By Mercator’s Sailing, from point to point, Distance... .3435°4 





Course and Dist. by Mer. Sailing from A toB = S. 50° 37’ W. 3474 miles. 
Distance by Mer. Sailing, from point to point.............. 3435°4 
Distance by Great Circle Sailing. .........5 00s cece cece eee 3433°7 


Gain by Great Circle over Mercator’s Sailing 40-3 miles; the loss by the 
point to point system is only 1-7 miles. 

If we wish to know only the Great Circle distance between two places, 
this can be found without first obtainmg the angles of position. 

To find the Distance.—Find the two co-latitudes and the difference of 
longitude in the usual way and then proceed as in the following example 
using the data in Example 1. 
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Formiula— 
Log. hav. @ = log. hav. P + log. sin. B P + log. sin. A P — 20 
where P = dff. !ong., B P = co-lat. B, and A P = co-lat. A 
Nat. hav. dist. = nat. hav. @ + nat. hav. (B P ~ A P) 
where P = D. long. and B Pand A P the two co-latitudes 
P rr4° 43’ Lhav. 9-85069 
BP 52 29 L sin. 9-89937 
AP34 1 L sin. 9:74775 
hav. 9:4978r nat. hav. -31464 





BP-~AP r8° 28° .......... nat. hav, -02575 
Ju? 23° 2 ee ee ee ee Dat. hav. 34039 
60 


Distance 4283 miles 
N.B.—The Naturat HaversinEs have been included in Norie’s Tables, 
as by thcir use many calculations are much shortened ; especially is this 
the case when two sides and the included angle are given to find the third 
side. @ need not be taken out, but only the nat. hav. corresponding to the 
log. hav. @, as shown above. 


COMPOSITE GREAT CIRCLE SAILING 
Find the initial course on a composite track from A in lat. 40° S., 
long. 20° E., to B in lat. a5 S. and Jong. 135° E., t..e ship not to sail in 
a higher latitude than 45° S. Find also the distance from A to B on this 
track and the longitudes at which the ship arrives at and leaves the 
parallel of 45° S. 
To find the Initial Course 
In the right-angled sph rical triangle P V A, right-angled at V Hie 6, 
given P A and P V, to find angle A. 
sin. PV 
Sin. P V =sin.A x sin. PA .. sin.A = = 
; sin. PA ye 
PV 45° 0’ 0” sin. 9849485 Fae) 
PA50 0 0 sin. 9-884254 Initial course S. 67°22’ go" E, 3-41.57 Dye 
A67 22 40 sin. 9-965231 —e : 
To find the Longitude of V é 
In the same triangle, given P A and P V, to find Z P 








Cos. P = cot. PA x tan. P V, where PA = 
go°— lat. A. 

PA 50° 0’ 0” cot. 9923814 
PV45 0 o- tan. I0:000000 
P32 57 17 cos. 9923814 
Long. V = Long. B+ 4. P 

Long. B 20° 0’ o”E, 

ZP 32 57 17 
Long. V sz 57 17 E. 
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To find the Longitude of V’ 
In the right-angled triangle P V’ B right-angled at V’ Fig. 6, given 
P V’ and P' 4, to find Z P. 
Cos. P = tan. P V’ x cot. P B, where P B = go° — lat. B. 


PV 45° 0’ 0” tan. 10000000 
PB55 0 0 cot. 9845227 
ZP 45 33 30 cos. 9845227 
Longitude V’ = longitude B — 7 P. 
Long. B 135° 0’ 0” E. 
ZP 45 33 30 
Long. V’ 89 26 30 E. 


To find the Distance on first Great Circle 
In the spherica. triangle A P V (Fig. 6), given Z P and side P V, to find VA. ° 


sin. PV 


in. PV = Vv LF : = 
Sin. P V = tan A X cot. Z tan. VA oaeP 





PV 45° 0’ o” sin. 9849485 
Z2P32 57 17 cot. ro-18$392 








VA=24 37 27 tan. 9661193 
60 





147745 
Distance on first Great Circle,1477°45 miles. 


To find the Distance run on Parallel of Maximum Latitude, given the 
Difference of Longitude between V and V' 


Dist. = d. long. x cos. max. lat. 


Long. V 52° 57’ 17” 
Long. V’ 89 26 30 


36 29 13 

60 
D. long. 2189°2 Log. 3:340289 
Max. lat. 45° Cos. 9°8.49155 





Log. 3-189774 
Distance on parallel, 15.48 miles. 


To find the Distance on s:cond Great Circle 
{n the spherical triangle P V’ B (F.g. 6), given ZP and side P V’, to find BV’. 


sin. P V’ 


Sin. P V’ = tan. B V’ x cot. Z P... tan. BV’ = 
cot. 2 P 





PV’ 45° 0’ 0” sin. 9849485 
ZP 45 33 30 cot. 9991535 
BV’ 35 47 30 tan. 9°857950 





BV’ = 21.47°5 miles. 
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To find the whole distance add the three distances just found together— 


Distance on first Great Circle = 1477-45 miles 


i » max. latitude = 154 oo 
os » secondGreat Circle = 21475, 
Total distance = 5172°95 ,, 


Examples for Practice 


Required the initial and final courses, the distance, and position of the 
vertex on the great circle between the following places; also the distance 
on the rhumb line. Examples J, 2 and 3. 

1. Lizard Lights, in lat. 49° 58’ N., long. 5° 12” W., and Cape Frio, 
in lat. 23° x’ S., long. 42° 58’ W. 

Ans. Initial course S. 34° 1 W.; final course S. 23° 1’ W.; distance 
4,796 miles. Lat. of vertex 68° 54’ N.; long. vertex 57° 28’ E.; rhumb- 
line distance 4,804 miles. 

2. Cape Frio, in lat. 23° 1’ S., long. 41° 58’ W., and Cape of Good Hope, 
in lat. 34° 21’ S., long. 18° 30’ E. 

Ans. Initial course S. 63° 22’ E.; final course N. 85° 14’ E. ; distance 
3.208 miles; lat. vertex 34° 38’ S.; long. vertex 10° 5’ E.; rhumb-line 
distance 3,248 miles. 


3. Otago, New Zealand, in lat. 45° 47’ S., long. 170° 45’ E., and Callao, 
in lat. 12° 4’S., long. 77° 14’ W. 

Ans. Initial course S. 65° 44’ E.; final course N. 40° 34’ E.; distance 
5,764 miles; lat. vertex 50° 31’ S.; long. vertex 157° 5’ W.; rhumb-line 
distance 6,088 miles. 

4. Lat. 51° o’ N., long. 160° o’ E., and lat. 51° 0’ N., long. 129° o’ W: 

Ans. Initial course N. 61° E.; final course S. 61° E.; distance 2,572 
miles ; lat. vertex 56° 36’ N.; long. vertex 164° 30’ W. ; distance on rhumb- 
line 2,681 miles. 


5. Find the first course and the distance on a composite track from A 
in Jat. 40° S., long. 15° W. to B in lat. 42° S., long. 140° E., the maximum 
parallel of latitude to e 50° S. 

Ans. Initial course S. 57° 24’ E.; distance 6,380 miles. 


6. Find the distance on a composite track from lat. 37° 31’ S., long. 
178° 1’ E. to lat. 55° 59’ S., long. 67° 16’ W., the maximum lat. being 60° S. 
Ans. Distance 4,325 miles. 


Towson’s “Tables to Facilitate the Practice of Great Circle Sailing” 
obviate the necessity of computation; and are equally useful, with or 
without the index chart which accompanies the Tables. 

Godfray’s “‘ Chart ’’ on the gnomic projection “ to facilitate the practice 
of Great Circle Sailing,” shows the Great Circle course as a straight line, 
and the points for transfer to Mercator’s Chart can readily be taken off it. 
It is also accompanied by a course and distance diagram, which will give 
bv inspection the various courses and the distance to be run on each, in such 
manner as to keep within an eighth of a point of the constantly-changing 
course of the great circle. 
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Where neither Towson’s Tables nor Godfray’s Chart is at hand the 
navigator can speedily determine the practicability of the Great. Circle 
route by SirG. B. Airy’s Method for sweeping an are of a circle on Mercator's 
Chart, which approaches very nearly to the correct projection of a Great 
Circle on one side of the equator; the sweep of the arc is accomplished 
by attending to the following precepts adapted to the Table which accom- 
panies them. 

RULE 1.—Join the two places (on the chart) by a straight line. [ind 
its middle. Draw thence a perpendicular to that line on the side next the 
equator, and, if necessary, continue it beyond the equator. 


2. With the middle latitude (between the two places) enter the following 
table, and take out the corresponding parallel. 


3. The centre of the required sweep will be the intersection of this parallel 
with the perpendicular. 


Airy's Table for delineating the Arc of a Great Circle 


Corresponding Correspondiag 
Parallel. Middle Lat. . 
81° 13° 2° 33’ 
78 16 54 24 
74 59 56 13 
vad 20 

2 O7 38 58 o 
63 ot 60 15 

759 25 62 32 
55 5 64 50 

= 50 36 65 9 
40 ° 68 30 

rae 18 Jo 52 

~ 30 3L 72 I4 
3r 38 74 37 
26 42 76 r 
ae 2 78 25 
1 39 80 51 





From the nature of the problem a tentative method does not applv in all 
cases, nevertheless facility in delineating the Great Circle on the chart has 
this advantage : when, from adverse winds or other causes, a vessel has to 
deviate from the track, the Great Circle may at any moment be struck off 
anew, such that it shall pass through the actual position and the port to 
which the vessel is bound. 

On p. 497 a chart on the Gnomonic projection is shown. In this 
projection we suppose the eye to be at the centre of the earth, and all the 
circles drawn on the earth are projected on a tangent plane which touches 
the earth’s surface at the pole. The pole will therefore appear as the 
centre of the projection, and all the meridians as straight lines from the 
pole, making the same angles w‘th each other as they do on the earth. 
All other great circles will also appear as straight lines. The parallels of 
latitude will appear as concentric circles, the pole being their common 
centre. Asin Mercator’s projection the pole cannot be represented, so in the 
gnomonic projection the equator cannot be included. The outlines of the 
land will therefore be very much distorted in low latitudes, and hence, 
when projecting the parallels of latitude, it is not advisable to use a lower 
latitude than 15° or 20°. This will not matterin practice, for there is very 
little advantage in Great Circle Sailing within the tropics. 
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The construction of the chart is exceedingly simple, and, when con- 
structed. latitudes and longitudes can be laid down with the same ease as on 
aMercator’s chart. Then if a straight line be drawn irom any one position 
to any other position, this line will show the Great Circle track from one to 
the other. Every important detail of the track can thus be ascertained 
at sight. It will show whether the track would take the ship into a lati- 
tude too high for practical navigation, or whether any land or other 
obstruction was in the way. It will show the latitude and longitude of the 
vertex, and the latitudes of all points in which it cuts the different meridians, 
and hence the various courses and distances can be quickly ascertained. 
Should one of the positions be in N. latitude and the other in S. latitude, the 
whole of the Great Circle track cannot be drawn. In this case the longi- 
tude of the point you would like to cross the lowest parallel of latitude should 
be joined to the point of departure ; this will give the Great Circle track in 
the one hemisphere (say N.) Then choose the longitude you would like to 
cross the same parallel in the other hemisphere (that is S.) and join this 
point to the point of destination; this will be the Great Circle track in 
the other hemisphere. (Cazution.—Remember that the chart represents 
N. latitudes at one time and S. latitudes at the other time.) The course 
from the one point on the lowest parallel to the other point will be on 
the Rhumb line between them. 

The chart is very useful in Composite Great Circle Sailing. When the 
track shows that the Great Circle would take the ship into too high a lati- 
tude, a maxinium latitude is selected, and two great circles are drawn touch- 
ing the parallel of the maximum latitude chosen, the one through the point 
of departure, the other through the point of destination. he ship first 
sails on the Great Circle through the point of departure until she reaches the 
selected parallel of maximum latitude; then she sails along this parallel 
until she reaches the Great Circle through the point of destination, and 
finally along the last-mentioned Great Circle, until she is at her point of 
destination. On the chart this is easily constructed. From each position 
draw a straight line touching the maximum parallel of latitude chosen. 
A glance will show the longitudes on reaching and leaving the parallel, the 
important points in Composite Great Circle Sailing. 

We will now show how anyone can construct a chart for himself. The 
only formula required is that for the radii of the circles representing the 
parallels of latitude. This is—yv x cot. lat., where 7 is any constant 
multiplier. 

The parallels are now projected in the following manner: Fix on the 
parallel of lowest latitude, and enter the accompanying table with this 
jatitude and take out the corresponding number. Then choose the value 
of + so that when it is multiplied by the number from the table the result 
shal] be such that a circle described with it as radius will be easily included 
in the paper selected for the chart. The centre of this circle wil) be the 
pole, and all circles must be described with this point as centre. To draw 
any other parallel of latitude: take from the table the number corresponding 
to the degree of latitude and multiply it by the same value of 7 that was 
used for the first circle drawn; this product is the value of the radius 
of the parallel. In the same way as many parallels as may be considered 
necessary can be drawn. Any straight line drawn through the poles 
so as to make a diameter of the various circles may be considered as the 
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meridians of 0° and 180°, and if the semicircular arcs of the largest circle on 
each side of this meridian be divided into 18 equal parts, and lines be drawn 
from the centre to the points of division, these lines will represent meri- 
dians 10° apart, and the longitudes E. and W. 10°, 20°, 30°, etc., can be 
marked on this outer circle. With a sufficiently large circle these divisions 
may easily be divided into single degrees. 
The following table gives the co-tangent for every 5° from 10° to 80°. 
*The co-tangents are natw-al co-tangents and may be found by taking the 
L co-tangent from Table of Log. Sines, etc. (rejecting 10 from the index) 
and finding from Log. table the natural number corresponding to it. 


cot. 10° = 5671 cot. 30° = 31-732 cot. 50° = 839 cot. 70° = +364 
cot. 15° = 3°732 cot. 35° = 1-428 cot. 55° = -7 cot. 75° = -268 
col. 20° = 2:747 cot. 40° = 1-192 cot. 60° = -577 cot. 80° = “176 
cot. 25° = 2145 cot. 45° = 1 cot. 65° = -4066 





On the chart here given radius equals -75 inch. 


To exemplify this :—Suppose the paper to be cut square and a side to 
measure onc foot, then by choosing r = I inch, the radius of the parallel 
of 10° will be 5-671 inches, which can be included in the paper. The radius 
of the parallel of 20° will be 2-747 inches, andso on. But if 20° be con- 
sidered the lowest latitude, then make ry = 2 inches, and the radius of the 
parallel of 20° will be 2-747 x 2 = 5494 inches; the radius of the parallel 
of 30° will be 3-464 inches, etc., etc. 


* Norics Fab'es cuntains a ‘fable of Natural Cotangents. 


NEW NAVIGATION 


It is claimed for the New Navigation that it is the best method of 
fining a ship’s position, and is equally accurate whether the observations 
are taken near the prime vertical or near the meridian; and in all cases 
it gives:a more accurate line of position than is given by our ordinary 
methods when the dead reckoning differs from the true position. The 
method is due to Capt. Marcq St. Hilaire, of the French Navy, and is 
based on the difference between the altitude observed and the altitude 
calculated from the dead reckoning position of the ship. The computation, 
therefore, consists in finding the altitude by one of the methods given. The 
last method given has been specially proposed, as it finds not only the 
altitude but also the azimuth in the same computation. 

Computation and Projection Combined .—\f the sun is the object observed, 
take from the Nautical Almanac the declination and equation of time and 
correct them for the Greenwich time in the usual way. Ifa staris the object 
observed take out the right ascension, the declination, and the mean sun’s 
right ascension, correcting the last mentioned. Then compute the altitude 
of the object, using the latitude by dead reckoning, the declination and the 
hour-angle. 

Find also the true altitude from the observed altitude. Take the 
difference between the computed altitude and the true altitude from the 
observation, and mark it + when the true altitude from the observation 
is greater than the computed altitude, but mark it — when the true 
altitude from the observation is less than the computed altitude. Next 
find the azimuth from A, Band C Azimuth Tables in Norie’s Tables. Enter 
the Traverse Table with the azimuth as course and the difference of altitudes 
in the distance column and take out the difference of latitude and departure 
and convert the departure into difference of longitude. Apply this difference 
of latitude and difference of longitude to the latitude and longitude by 
dead reckoning in the direction of the azimuth if the difference of altitudes 
is marked +, butin the opposite direction if the difference of altitudes is 
marked —, and the result is a new point from which the course and distance 
in the interval must be reckoned to give the estimated position at the time 
of taking the second observation. 

Again, take the required data from the Nautical Almanac and correct 
them for the Greenwich time of the second observation. Compute the 
altitude, using the latitude and longitude just found. Find also the true 
altitude from the observed altitude and take the difference between the 
computed true altitude and the true altitude from the observation. Mark 
it ++ when the true altitude from observation is greater than the computed 
true altitude, but mark it — when the true altitude from observation is less 
than the computed true altitude. Next find the azimuth by Burdwood’s 
or Davis's Time Azimuth Tables; but if the object used is not within the 
limits of those tables, the azimuth can be found by inspection from the 
A, Band C Azimuth Tables in Norie’s ia 

408 - 
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On the chart lay down the position given by the dead reckoning 
at the fime of taking the first observation, and from it draw a line in 
the direction of the azimuth. Set off on this line from the dead reckoning 
position a distance equal to the difference of altitudes, in the direction of 
the azimuth if the difference of altitudes is marked +, but in the opposite 
direction if marked —, and through the point thus obtained draw a line at 
right angles to the direction of the azimuth; this line is the first line of 
position. Next, from this latter point (not the dead reckoning position) 
set off the true course and the distance made good in the interval between 
the observations, thus giving an approximate position at the time of the 
second observation. From this point set off the azimuth and the difference 
of altitudes at the second observation, in the direction of the azimuth if it 
is marked +, but in the opposite direction if it is marked —, and through 
the point thus obtained draw a line at right angles to the direction of the 
azimuth ; this is the second line of position. Lastly through the approximate 
p%sition at the time of the second observation draw a line parallel to the 
jirst line of position ; the intersection of this line with the second line of 
position gives the true position of the ship. 


The accompanying sketch will show this plainly. Let Z, be the dead 
reckoning position at the first obser- 
vation, Z, S, the direction of the 
azimuth. Suppose the difference of 
altitudes to be + 20’. Set off 20’ from 
Z, in the direction of S, because the 
sign is +; let this be Z, P}. From Py 
draw P, A at right angles to Z,S,,P, A 
is the first line of position. From P, 
draw P, Z, to represent the course and 
distance in the interval, thus placing 
the ship at Z, when the second obser- 
vation was taken. From Z, draw Z, S, 
the direction of the azimuth. Suppose 
the difference of altitudes to be — 10’. 
Set off ro’ from Z, in the opposite 
direction to S, because the sign is —, 
that is on S, Z, produced, let this be Z, P,. From P, draw P, Z at right 
angles to Z. S,, P, Z is the second line of position. Lastly through Z, 
draw Z, Z parallel to P, A, the first line of position, and its intersection with 
the second line of position at Z is the true position of the ship. 





By calculation.—To obtain the position by calculation, it is necessary to 
reduce the altitude taken at one position to what it would have been if 
it had been taken at the other position, by the rule on pp. 259-6r. In this 
problem it will be more convenient to reduce the altitude taken at the second 
observation, and thus determine the ship’s position at the time of taking the 
first observation ; the position at the second observation being then found 
by using the course and distance in the ordinary way. By doing this, 
all the calculations belonging to the first observation can be made during 
the interval, and a dine of position found if considered necessary. 

GG 2 
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Take from the Nautical Almanac the required data and correct them 
for the Greenwich time at the first observation. For the sun, take the 
declination and equation of time; for a star, the right ascension, the 
declination, and the mean sun’s right ascension. Compute the altitude 
of the object, using the latitude and longitude by dead reckoning. Find also 
the true altitude from the observed altitude, and take the difference be- 
tween the computed altitude and the true altitude from the observation. 
Mark it + when the true altitude from the observation is greater than 
the computed altitude, but mark it — when the true altitude from the 
observation is less than the computed altitude. Next find the azimuth 
from the A, B and C Azimuth Tables. 


For simplicity call the difference of altitudes d,. 


Again take the required data from the Nautical Almanac and correct 
them for the Greenwich time at the second observation. Compute the 
altitude of the object, using the latitude and longitude by dead reckoning at the 
first position. Find the azimuth from A. B ard C Azimuth Tables. Find 
the true altitude from the observed altitude and apply the correction to 
reduce it to what it would have been if taken at the first position. Take 
the difference between the reduced true altitude and the computed altitude, 
and mark it + when the reduced true altitude is greater than the com- 
puted altitude, but mark it — when the reduced true altitude is less than 
the computed altitude. 


For simplicity call the difference of altitudes d,. 


Enter the Traverse Table with the angle between the dirtctions on 
which d, and d, are measured, that is, the angle between the azimuths 
(remembering that a — sign represents a direction opposite to the azimuth), 
as course and @, in the departure column, take out the distance and call it 
a. Enter again with d, in the departure column, and take out the difference 
of latitude and call it &. If the angle is less than 90° subtract 6 from 4, 
which is (@ — 6); but if the angle is more than go° add 8 to a, which is 
(a + 0). 


Again enter the Traverse Table with the azimuth on which d, is 
measured as course and d, in the distance column, take out the difference of 
latitude and departure and mark them according to the direction of the line. 
Enter also with the complement of the azimuth as course and with (a — 6) or 
(a + b) in the distance column, and take out the difference of latitude and 
departure, placing them underneath those first taken out, and name them 
with the namesat right angles to the azimuth used. (The line at right angles 
to the azimuth trends both northerly and southerly; it is necessary to dis- 
cover which of the directions must be taken. If (@ — b) is positive, that 
is, 6 can be subtracted from a in the ordinary way, that direction must be 
taken which would make an acute angle with the direction of d,. . But ii 
(a — 6) is negative, that is, a has to be subtracted from 8, then that direction 
must be taken which would make an obtuse angle with the direction of 42; 
(a +b) is always positive. Add the differences of latitude together if of 
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the same name, but subtract them if of different names, marking the sum 
or difference with the name of the greater. Also add or subtract the 
departures by the same rule. This gives the total difference of latitude 
and departure. Convert the departure into difference of longitude and 
applv the difference of latitude and difference of longitude to the latitude 
and longitude by dead reckoning ; the result is the position of the ship at 
the first observation. 


To exemplify this, take the Example on p.445. 


Alt. of Regulus com- ’ Alt. of Arcturos com- ike 
puted with DR. | 48° 14’ 38° puted with DR. | 46°32" 9 
True alt. 48 35 42 True ait. 46 26 36 

Diff. 214° Diff. 4 33 

ord; = + 21°-07 ord, = — 4°55 

Az. S. 33° W. Az. S. 61° E. 


Then from the rule d, will be reckoned in the direction S. 33° W., but d, 
will be reckoned in the opposite direction to the azimuth, that is, N. 61° W. ; 
the angle between these is 86°. Enter the Traverse Table with 86° as course 
and d, 4°55 in the departure column ; the distance will be 4-56, call this a. 
Enter again with d, 21-07 in the departure column ; the difference of latitude 
will be 1-47, call this 5; then the angle being less than go°, (2a — d) is 3-09. 

Now enter the table with S. 33° W. as course, that is the azimuth on 
which d, is measured, and with d, 21-07 in the distance column, the difference 
of latitude is 17-67 S. and the departure 11-47 W. Also with 57° (the 
complement of 33°) as course and (a — b) 3-09 in the distance column, the 
difference of latitude is 1-68 N. and the departure 2-59 W. (Since dy is 
measured in a direction N. 61° W. and (a — 3) is positive, the line at right 
angles to S. 33° W. must be N. and W. to make an acute angle with the 
direction of @,.) 


These results are— 


D. Lat. Dep. 
17°67 S. T1-47 W. 
1-68 N. 2:59 W. 
15°98 S. 14°06 W. = 22’ diff. long. 
Lat. by D.R. 49° 58’ N. Long. by D.R. 14° 30°W 
Diff. lat. Iu 3. Diff. long. 22 W. 
True lat. 49 42 N. True long. 14 52 W. 


The formule arc— 


. = 2 S Se ay A= angle between the lines on which d; and d- are measured. 


The azimuth being 
that on which d; is 
measured. 


1st d. lat. = dz x cos. az. ist dep. md; xX sin. az. ) 
and ,, = (a2— b) X sin. az.. and ,, = (2— 6) X cos. az. | 


When the second altitude is reduced to the first position the graphic 
method is slightly modified, and becomes similar to that of simultaneous 
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altitudes of two objects. A sketch of the example just workea will show 
this. 

Let Z, be the dead reckoning 
position to which the second altitude 
is reduced. Draw Z, S, in the direction 
of the azimuth S. 33° W. and Z, S, in 
the direction of the azimuth S. 61° E. ; 
d, is + 21’-07 and is therefore repre- 
sented by Z, Py, @, is — 4’°55 and is 
therefore represented by Z, P,. Draw 
P, Z at right angles to Z, S, and P, Z 
at right angles to Z, S,; their inter- 
Section Z is the position of the ship at the first observation. 





In the diagram P, Z is (2 — 5), and the final portion of the compu- 
tation is finding the difference of latitude and departure from Z, to P, and 


then from P, to Z; thus giving the total difference of latitude and depar- 
ture between Z, and Z. 


The following example shows the full working of the method, the sun’s 
azimuth being small at both observations. 


December rst, in lat. by account 49° 50’ N_ long. 15° 50’ W., the follow- 
ing observations were taken to find the ship’s position—- 


Ship Times nearly Chron. Times Obs. Alts. Sun’s L.L. 
Hq. OM. a OM. OS. 
Io oOa.m. Ia 53 «12-6 13° 16’ 30° 
I op.m. I 50 10% 16 35 4 


The true course in the interval was N. 68° E., distance 32 miles. The 
chronometer was correct for Greenwich mean time. Height of the eye 18 
feet, index error of the sextant — I’ 10”. 


DOH OM OS. DP HM. S. 
G.M.T. Nov. 30 22 53 12:6 - GM.T. Dec. 1 3 50 107 
Sun‘s decl. Dec. rst 21° 51’ 25" S. 21° 51° 25” S. 

23°08 X II 25 23°08 x 418 42 

Corr. decl. 22 51 © 2I 52 7 

M. s. BM. s. 
Eq. T. + 10 46% 10 46+4 
, 9448 X IVE 1-0 ‘944 X 1-8 iq 








Corr. Eq. T. 10 47°4 10 44:7 


G.M.T. 
Eq. T. 


G.A.T. 
Long. 
S.A.T. 


H.-A. 
Lat. 
Dec. 


Sum 


Zen. dist. 
Tr. alt. 





The a 
direction N, 283° W. and dy in the direction N. 143° E. 


The same Example solved by the Nat. Hav. method (see P- 502), using 

five-figure logs, is as follows— 

HOM. Ss. 
HA. 59, 20 Hav. 8-82126 

Co-lat. 40° 10’ 00” Sin. 9-80957 


Polar dist. 111 


Polar dist. 111 52 


Co-lat. ~ Polar dist. 71° 42' 7” 
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1st Obs. 

a. M 5. 

22 53 12-6 

+ 10 47°4 

23 4 ~«0 Az. S. 284° E. 

I 320 W. 

22 0 40 

I §9 20 “log. Ris, 5-12229 
49° 50° ~N Cos. 9-809569 
2m 51 Ss. Cos. 9:967624 
70 4r Log. 4-899483 


76° 24' 45° Vers. 765069 
1335 15 

Obs. alt. 13° 16° 30° 

LE.— 1 10 

+13 1520 

Dip. — 49 

13 1121 

Snun’s cor. — 3 51 

13° 720 

S.D. + 1616 


Comp 


el N.N, 79338 


Vers. 685732 





Tr. alt. 13 23 36 
Comp. alt. 13 35 15 





Zenith dist. 76° 24’ 45” 


G.M.T. 


Eq. T. 
G.A.T. 
Long. 
S.A.T. 


HLA. 
Lat. 
Dec, 


Sum 


Tr. alt. 
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2nd Obs. 
H. M.S. 
I §0 I0-r 
IO 44°7 
2 0 54°8 Az. S. 143° W 
1 3 20W. 
© 57 348 
© 57 34°8 log. Ris. 4:49686 
49° 50° N. Cos. 9:809569 
21 §2 7°S. Cos. 9°967567 
71 42 7 Log. 4273996 
N.N. 18793 
~ Vers. 686039 
Zen.dist. 72° 49’ 57” Vers. 704832 
17 10 3 
Obs. alt. 16°35’ 4° 
LE. — 1 10 
16 33 54 Angle between 
Dip. — 4 azimuth and 
———_ Course == 534° 
16 29 45 
Sun'scor.— 3 2 
16 26 43Co.534°dist. 32° 
S.D. + 16 16d. lat. = 19' 
Tr. alt. 16 42 59 


Cor. forruan + 19 a 


£ 59 


Diff. 12 49 or dy = —11’-8 Red. tr. alt, 17 


Computed ,, 17 10 3 
Diff. 8 


51 00 ~~ Sin. 9-96762 


@ Hav. 8-59845 
Co-lat. ~ Polar dist. 71° 41’ 00” 


Nat. hav. -03967 


» « Nat. hav. "34287 


go oo 00 
uted true altitude 3 35 415 


H 6M. «6S. 


H.A. 0 57348 Hav. 8-19585 
Co-lat. 40° 10’ 00” Sin. 9-80957 


6 Hav. 


7 Sin. 9°96757 
797299 Nat. hav. -o0940 


Nat. hav. “38254 


Nat. hav. -34302 
Zenith dist. 72° 50’ oo” Nat. hav. -35242 

go 00 oo 
Computed true altitude 17, 10 00 





40rd, = —8'-07 
ngle between the directions of d, and d, is 43°, @, being in the 
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Co. 43°, dp in dep. gives dist. or a = 11°83 
Co. 43°, d, in dep. gives d. lat. or 6 = 12-65 


Diff. = —-82 





Co. 284°, d, in dist. gives d. lat. 10-37 N. dep. 5-63 W. 
Co. 614° (b—a) im dist. gives ,, -385.*,, 72 W* 
9:99 N. 6-35 W. 
6’-35 dep. = 10’ diff. long. 
* Since d, fs measured ina direction N. 143° E. and (a—®) is negative, the line 


at right angles to S. 284 E. must be S. and W. to make an obtuse angle with the 
direction of d. 





Lat. by D.R. 49° 50’ N. Long. by D.R. 15° 50’ W. 
Cor. “10 N. Cor. 10 W. 

Lat. at 1st Obs. 50 o N. Long. at rst Obs. 16 o W. 
Run 12 N. Run 46-3 E. 
Lat. at 2nd Obs. 50 12 N. Long. at 2nd Obs. 15 13-7 W. 


If one of the observations is taken when the object is near the prime 
vertical, the old and the new methods can be combined. The longitude 
method can be used with the observation near the prime vertical, and the 
altitude method with the observation in small azimuth. 


Rute.—Calculate the longitude by the observation near the prime 
vertical, using the dead reckoning Jatitude. Then calculate the altitude 
for the time of the other observation, using the dead reckoning latitude and 
the longitude found from the first observation. As before, take the difference 
between the computed and true altitudes, call it d and mark it + or —. 
Take out the azimuths. Enter the Traverse Table with the angle between 
the azimuths as a course and din the departure column take out the distance. 
Enter again with the complement of the azimuth of the observation near 
the prime vertical as a course and the distance just found in the distance 
column, take out the difference of latitude and departure, convert the 
departure into difference of longitude. Mark them in the direction at right 
angles to the azimuth used. (In this case the direction must be taken to 
make an acute angle with the direction of d.) Apply the difference of 
latitude to the dead reckoning latitude and the difference of longitude to 
the computed longitude; the result is the ship’s true position. 


Example.—September 28th, at about 11h. 4om. p.m. at ship, in lat. 
by dead reckoning 46° 20’ N., long. 29° 45’ W., the following observations 
were taken to find the ship's position— 


Chron. Time. Obs. Alt. Aldebaran. Obs. Alt. a Ursze Majoris. 
H. OM. #S. 
1 37 4° 29° 5° 54°E. 19° 26’ 46°E. 


The chronometer was 1m. 21s. slow of Greenwich mean time. Height 
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of the eye 20 feet. The star Aldebaran was the star of greater 
azimuth. 








HOM. OS. HOM. OS. 
Aldebaran R.A. 4 29 38-49 a@ Urse Majoris R.A. 10 56 55:42 
a decl. 16° 17’ 24° N. a decl. 62° 20’ 31° N. 
D. H. M. S. 
Chron. T. 28 13 37 4° Obs, alt. Aldebaran 29° 5° 54” 
Error I 2tslow Dip — 4 23 
GMT. 28 13 39.1 29 «& 
M.S. RA. « £2 28 51-16 Ref. — fr 42 
Acc. for 13h. 2 813 Tr. alt. 28 59 49 
” 39m. 6-41 ? 
G. Sid. T. 210 670 
Tr. alt. 28° 59° 49” HoM. | OS. 
Lat. 46 20 a Sec. 10-160860 H.A. 4 19 I9¢5E, 
P.D. 73 42 36 Co-sec. 10017794 PA 19 40. 40-5 W. 
2) 149 2 25 R.A. 4 29 385 
esum 74 31 12 Cos. 97326351 S. Sid. T. o 10 19 
Rem. 45 31 23 Sin. =. 9°853414 G . 2 10 7 
HLA. 4h. 19m. 19°98. Hav. 97458419 Long. §£ 59 48 
Az. S. 84° E. » 29° 57° W. 


Note.—Observe the method oi calculating the alt. and azimuth together. 


HOM. OS. 

G.Sid.T. 2 10 7 
Long. 1 59 43 W. 

§. Sid. T. o 10 19 

Star's R.A. 10 56 55 








H.A. 10 46 36 Cos. 9977335 + © + » « ~ Tan. 9:§20728 
Decl. 62° 20’ 31° N. Cot. 9-719396 
Arc, I. 26° 26’ 49S. Tan. 9:69673t . 2. 2» - « Sim. 97648719 
Lat. 46 20 oo N. oe 
Arce. II. 19 53 an ON. Tan. 9:558380 . . . . « . Sec. 10°026701 
Arc. III. Az, 8 55 40 Cos. 9°994707 « » «© « - « Tan. 9196148 
Arc. IV, Alt. 197 39’ 51° Tan. 9°553087 Arc. IIL. Az. N. 8° 55° 40° E. 


Obs alt. 19° 26’ 46% 


Dip — 4 23 
19 @2 23 
Ref. — 2 4 





. Tr. alt. 19 19 42 
Computed ,, 19 39 «#5E 








Diff. 20 gord = — 20°15 


The angle between the azimuths is 87. 
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The Natural Haversine method gives the following result— 


HOM. #6S. 
Star’s H.A. 10 46 36 Hav. 9-98882 
Co-latitude 43° 40’ 00” Sin. 983914 
Polar dist. 27 39 29 Sin. 9:66670 


6 Hav. 9-49466 Nat. hav. -31237 


Co-lat. ~ Polar dist. 16°00’ 31" . . . . . . Nat. hav. -01939 
Zenith dist. 70° 20’ 15” Nat. hav. -33176 
go 00 00 


Computed true altitude 19 39 45 


The azimuth, found by inspection from the A, B and C Azimuth Tables, 





is N. 9° E. 
Sa 
i Co. 87°, d 20-1 in dep. gives 20-1 in dist. 
a 
3 Co. 6°, dist. 20-1 gives d. lat. 19-9 S.* and 
% dep. 2-1 W.* or diff. long. 3’ W. .« 
$ 
=. ° ? oF 
& birection of Az. S84°Es « Lat. by D.R. 46 20 N. Computed} 2g 57 W. 
i= Long. J 
ul Diff. lat. 199S. Diff. long. 3 W. 
i True lat. 46 o-z N. True long. 30 o W. 


| 


Norz.—In al] problems a rough sketch will be a very great aid to name the d. !at. and dep. 


* Since d is measured ina direction S. 9° W., the lineat right angles to S. 84° E. 
must be S. and W. to make an acute angle with the direction of d, making the“ 


corrections for Latitude and Longitude S. and W. respectively. 





THE COMPASS ADJUSTMENTS 


lf a small steel bar, the half of a knitting-needle, were truly balanced and 
then suspended by a thread or a fibre without twist, it would come to rest 
horizontally, pointing in no particular direction. 

If the same bar were magnetised and suspended as pelore. it would, 
if the experiment were tried in London, take up a position in the magnetic 
meridian with its N. end dipping at an angle of 67° below the horizon ; the 
line through the axis of the needle marks out the line of dip. 

A freely-suspended magnet will always try to point directly aé the 
nearest pole, ignoring the curvature of the earth. The dip varies from 
o degrees at the magnetic equator to 90 degrees at the magnetic poles. 
In London at the present time (1915) the dip is 67 degrees. 

It will be evident that, except on the magnetic equator. there must be a 
less of horizontal directive force, which is the only part of use to the navi- 
gator. This is shown as follows— 

A magnet freely suspended at 
London would come to rest in a position 
indicated by the line N S, which dips 
below the horizon, H O, equal to the 
angle H S N=67 degrees. 

S N equals the total force 1-0. 

S V equals the vertical force -921. 

N V equals the horizontal force -39I. 

A compass is composed of several 
small magnets attached to a circular 
card, which is mounted on a pivot in 
the centre cf a copper bowl. The plane of the card is below the point of 
suspension, to prevent dipping and to place the card in a position of stable 
equilibrium ; the horizontal gravitational force of the card and magnets is 
greater than tle dipping force of the magnets, compelling the card to remain 
horizontal and not dip. The card is constructed and mounted so as to 
utilise the earth’s horizontal force, which force compels the compass needle 
to become parallel to the magnetic meridian in any part of the world if 
under the earth’s magnetic influence only. 

All magnets have two poles with a neutral zone between. 

Cracks or flaws will cause sets of poles called ‘‘ consequent poles.’’ For 
convenience in discussion the north-seeking end is called the Red end, while 
the south-seeking end of a magnet is called the Blue end. 

(1) Poles or ends of the same name repel one another. 

(2) Poles of opposite names attract one another. 

(3) The attraction betwcen two magnetic points varies inversely as the 
square of the distance between them. 

(4) The attraction between two magnets varies as the cube of the dis- 
tance between them. 

(5) The jzreatest power to deflect occurs when one magnet is at 
right angles to the other; the least when they are parallel to each 
-other. 





N +391 Vv 
Fig. x. 
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The harder a metal is the more difficult it is to magnetise, but the mag- 
netism is retained with equal tenacity. 

The softer a metal is the more easily it is magnetised, but it parts with its 
magnetism with equal ease once the magnetising influence is altered in 
position or removed. 

The earth is a magnet and is governed by the foregoing laws affecting 
magnets. There are two poles and a neutral zone called a magnetic equator. 
The north magnetic pole is in lat. 70° N., long 96° 46’ W.; the south pole 
is in lat. 733° south, and long. 155° (about) E. There are also consequent 
poles or secondary poles of little power. 

About midway-between the poles an uneven line traces the magnetic 
equator. It is not an exact circle. Because the true and magnetic poles 
are not coincident the true and magnetic meridians cut one another; the 
angle between them is called the variation. The variation is affected 
by the before-mentioned secondary poles. 

The magnetic poles are not stationary. In the course of many years 
the magnetic poles alter their positions and bring about an increase or a 
decrease in the variation. In 1657 there was no variation at London: 
by 1815 it had become 24° 27’ W.; at the present time (1915) it has again 
decreased to less than 15° W. and is still decreasing about 6’ annually. The 
dip is also decreasing in a lesser degree. . 

Because the north-seeking end of a freely suspended magnet is called 
the red end, the north magnetic pole of the earth must be called the blue 
end, in obedience to the law “‘ opposite names attract ’’ ; and for the same 
reason the south magnetic pole is called the red pole, as it attracts the south 
end of the magnet. 

When discussing the magnetism of an iron or steel vessel certain tech- 
nical terms are used; it has been syggested that these terms “ could. 
with advantage. be simplified. sf 

The terms in use and a proposed simplification are placed in parallel. 
columns thus— 


In Use Proposed 
Hard iron. Hammered iron. 
Soft iron. Unhammered iron. 
Sub-permanent magnetism. Permanent magnetism. 
Transient induced magnetism. Non-permanent magnetism, 
Horizontal induction. Magnetism in horizontal iron. 
Vertical induction. Magnetism in vertical iron. 


Explanation of terms on both sides 


Hard iron.—Permanent or sub-permanent magnetism is supposed to 
exist in the hard, but more correctly speaking hammered, iron. The 
hammering seems to capture and enclose the magnetism in the metal 
worked upon. 

Soft iron.—Transient induced magnetism is supposed to exist in soft, 
or more correctly speaking unhammered, iron. It is non-permanent 
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because such iron is magnetised by the earth without exerted force or 
concussion. It reaches its maximum disturbing power as the particular 
piece of iron unter discussion becomes parailel with the mag. meridian or with 
the line of dip, and is at a minimum as it becomes at right angles to the 
mag. meridian or the line of dip. 

All iron and steel structures are magnetised by the earth. 

An iron or steel vessel in the course of construction becomes a mass 
of magnets which disturb the compass in many ways. If the vessel were 
steered by a gyro compass instead of a magnet there would be no use 
for this chapter to be written. 

The line of dip at any place is the direction a freely suspended mag- 
netised needle will assume. 

In the Northern Hemisphere it will point to the north point of the 
horizon, and downwards to the north magnetic pole of the earth. 

The line of dip represents the total force. See Fig. x 

A vessel as a whole becomes magnetised as though she were a solid block 
of iron, the position of the poles depending upon the angle at which the 
keel cuts the line of dip. 

If through the centre of a vessel, while building, the line of dip is drawn 
from deck to keel, and this line is bisected by a plane at right angles to it, 
then, in the Northern Hemisphere, the lower side, that is, the side towards 
the north pole, will be coloured red, and the upper side will be coloured 
blue. This rule applies to all the iron in the vessel while on the 
stocks. 

Let P. M. represent permanent magnetism, and let N. P. M. repre- 
sent non-permanent magnetism. It will be found that N. P. 41. in horizontal 
iron varies in two ways: viz., horizontally and vertically. In horizontal 
iron the N. P. M. reaches its maximum when it is parallel with the mag- 
netic meridian in any magnetic latitude ; this is equally true whether the 
iron is fore and aft, athwartships, or at any angle between ; and it is least 
when at right angles to the meridian. This applies to both hemispheres, 
that is, all over the world. Strictly speaking, soft iron is never really 
free from magnetism, as the earth’s magnetic force is always acting 
on it. 

In vertical iron, by which is meant iron not horizontal, the upper ends 
containing N. P. M. are always coloured the same as the nearest magnetic 
pole, blue in the Northern Hemisphere, and red in the Southern. 

The greatest intensity is reached when the vertical iron is parallel with 
the line of dip, and least when at right angles to it. 

The permanent magnetism retains the same colour always and every- 
where. Iron that is magnetised non-permanently varies in intensity and 
in colour, both depending upon its “ present’’ position with reference 
to the line of dip or magnetic meridian. 

This may be represented as follows— 

In Fig 2 let W X Y Z represent a rectangular block of hard steel in 
a fixed position in London. [If it is subjected to severe hammering all over 
it will become permanently magnetised, the colours appearing as at R and 
B. If the ends are reversed so that the end that was north is placed south 
no change in the magnetism will take place (see Fig. 2a). 
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But if a block of soft iron of the same size and shape which had not 
been hammered lay in the same position as the block of steel the colour 


towards the mag. north would always be the 
same, that is, red, no matter how it is turned 
about. 


Herein lies the great difference between 
a permanently magnetised bar and a non- 
permanently magnetised bar (see Figs. 3 and 
3a). If for a block of iron or steel we sub- 
stituted a vessel building on the stocks, the 
iron or steel in her construction will be 
magnetised as the block of steel and the 
block of iron are magnetised. 


This may be further illustrated. Con- 
sider a point at the exact middle of the 
vessel on the stocks at London. Let the 
eye follow along the line of dip, which will 
be north magnetic, and forming an angle 
of 67° with the horizon ; this line will indi- 
cate the direction of the north magnetic 
pole. 


Imagine a powerful bull’s-eye lamp 
throwing rays of light (red) upward along 
the line of dip from the direction of the pole 
towards the observer; half the vessel 
would be illuminated red, the other half 
would be in the shade (blue). These colours 
would be divided by a line through the 
centre of the vessel at right angles to the 
line of dip. The points of greatest inten- 
sity (the poles of the vessel) would lie upon 
the line of dip, the red pole at a point 
nearest the magnetic pole, and the blue pole 
at a point equidistant in the opposite direc- 
tion. As the vessel was being constructed 
so would the colours red and blue be 
developed and permanently fixed in all 
riveted parts as shown in the block of 
hard steel (Figs. 2 and 2a), but in the 
unhammered steel or iron there would 
be no permanency; the part facing to- 
wards the north magnetic pole would 
always remain the same colour, red, and 
the other half always blue, as shown in 
the block of soft iron (Figs. 3 and 3a). 
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Figs. 4 and 4a show two vessels built at London, one N_, parallel with 
the mag. meridian. the other E., at right angles to the mag. meridian. 
The student should draw figures showing vessels built in places of various 


degrees of dip and at different azimuths. 


ee 
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In a structure like a vessel the iron and steel of which she is built lies in 
every conceivable direction. She.is a great magnet made up of many lesser 
ones, yet in the midst of these magnetic disturbing forces a compass must be: 
placed which is to point north accurately at all times and in all places. 








el 





Fig. 4. 





A “best possible” place should be found somewhere along the middle 
fore and aft line of a vessel. It should be as far as possible from any ver- 
tical iron, especially movable iron, such as ventilators, davits, derrick heads, 
bulkheads, and the upper parts of iron deck houses which cause disturbances 
very difficult to handle. 

A dynamo should be at least 50 feet away, and all lights should be 
double wired if passing near a compass, and clipped together in order to 
neutralise their effect on the compass needle. The selected place should be 
tested with the vibrating needle for horizontal force and with the dipping 
needle for vertical force. 

The horizontal vibrating needle is a small, strongly magnetised needle. 
It is flat, pointed at both ends, 3 inches long and half an inch broad, fitted 
with a cap like the compass card, and works on a pivot of its own for land 
observations. On board the same pivot must be used when the compass 
card and pivot have been removed from the bowl. 

The vibrations are observed as follows— 

With a spare magnet give the horizontal vibrating needle a good deflec- - 
tion, then when the needle is swinging through an arc of about 40 degrees 
count the vibrations, noting the instant when the north-seeking end has 
reached the extreme deflection to the right, subsequently noting the instant 
of every tenth vibration until the needle is nearly at rest. 

The proportion of the earth's horizontal force between any two places: 
is known to be inversely as the square of the number of seconds occupied by 
the same number of vibrations at each place. If therefore the time of making 
ro vibrations on shore is found to be 20 seconds and the time of ro vibrations 
on board at the place of the compass is 26 seconds, then the horizontal force 
at the compass is (2) 2 66 or 0°59, the horizontal force on shore being 
represented by 1; or if the vibrations on board had taken 16 seconds 
instead of 26 the horizontal force on board would be (3) = & orI-5. In 

3 
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the first case the ship’s force is acting against, and in the second with the 
earth’s force. It is evident that the most favourable position is where 
the needle will vibrate at the same rate as on shore on all points of the 
compass. The horizontal force then found at the compass is the combined 
force of earth and ship P. M. and N. P. M., for the direction in which the 
needle points. 

To reduce this force to the magnetic meridian it should be multiplied by 
the cos. of the deviation. The mean value thus found for a round turn of 
the compass is called 4 (lamba). It represents the power of the compass 
for that particular position on board. 

The P. M. should always produce unity, but the N. P. M. nearly always 
reduces the force below unity, because it introduces a red pole between 
the red end of the compass needle and the blue pole of the earth, in the 
Northern Hemisphere, and the reverse in the Southern Hemisphere. This 
red pole reduces the effect of the earth’s directive force. 

Vertical force is measured by the dipping needle. It consists of a 
‘needle the shape and size of the horizontal vibrating needle, but is mounted 
on a horizontal axis to swing vertically. The earths vertical force is over- 
come by a small sliding weight at the other end of the needle. It is adjusted 
so as to make it horizontal on shore, then taken on board the vessel, which 
‘should lie at right angles to the mag. meridian. I1tis placed in the compass 
bow] on the pivot socket and parallel to the magnetic meridian. If the 
needle remain horizontal there is no vertical force; a blue vertical force 
would draw the north-seeking end downward and a red vertical force would 
repel the N. end upwards. 

The dipping needle is used to correct the heeling error without heeling 
the vessel. : 

Although every care may be taken it is almost impossible to find a prac- 
ticable position in which to place the compass so that it shall be free from 
local attraction. The compass adjuster must therefore find— 

In what direction the local attraction lies. 

What is the cause of the disturbance. 

Is it P. M. or N. P. M., or both ? . 

It has been said previously that the iron and steel of which the 
vessel is built lies in every conceivable direction, but it has been found 
possible to resolve them into four general directions, namely— 

Fore and aft horizontally. 

Athwartships horizontally 

Diagonally horizontally. 

Vertically. 

This is done by calculating the co-efficients. 

The Co-efficients.—Five letters, A, B, C, D, and E, are used to represent 
the various disturbances or forces. 

A represents faulty fittings in the compass card, or accessories, or in the 
pacing of the compass on board, the result of really bad workmanship. 

B represents fore and aft P. M. forces. 

C represents athwartships P. M. torces. 

D fore and aft and athwartship N. P. M. forces. 

E diagonal N. P. M. 

They are further divided into plus and minus defections, or east and 
west deviations, and when the amount and cause are discovered they are 
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counteracted by similar but opposite P. M. or N. P. M. forces so placed 
as to produce opposite effects to the disturbing forces. The following 
illustrations show in detail the general order and sequence of the deflections 
or deviations as represented by the co-efficients. 

A needs no illustration as it is constant in amount on all points and 
in all places, plus if the deflection isto the east, minus if to the west. 


N The outline vessel shows 
Z the direction of force; the 
circles represent the deflec- 


> tion of the needle as the 

vessel is tured in azimuth 

t| w tyke ct = from N. through E.S. ard 

| 8} oe W. toN: again. Itis zero 
ie +| at N. and S. and reaches 
its maximum at E. and W. 
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+8 —B 
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; As before, the outline shows the direction of force, the circles the deflec- 
tion of the needle in a round turn. The deflection is zero at E. and W. 
and reaches maximum at N. and S. . 


ES: 
S.W. +0) 


sw. —et 





In these two figures the effect of the athwartship beams and fore and aft 
tie plates, etc., is shown. It may be seen that beams right across the vessel 
and tie piates, etc., that stop on opposite sides of the compass, have similar 
effects. The diagrams show how they regulate the deviations, one arrange- 
ment producing what is described as + D, the other — D. A minus Dis 
very rare. In both cases the deviations reach their maximum on the 
quadrantal points and are zero on the cardinal points, 
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In the Figures + and — E the arrangement of iron is shown ; it is similar 
to D, except in direction, the iron lying oblique instead of fore and aft or 
transversely. The deviations produced are shown in the two circles. The 
niaximum is reached on the cardinai points and is zero at the quadrantal 


points, 
N 
/ ss 5 Nw Ne 
/ j “ ss \ ow SE 
oS +E = 
+E a E 


The deviation = A + Bsin. S’ + Cos. S’ + Dsin. 2 S’ + Ecos. 2S’. 
(S’ being the direction of ship’s head by compass.) 


The method of calculating the co-efficients is shown on page 557. 

The value of the co-efficients is threefold— 

(a2) The compass can be corrected more correctly and intelligibly. 

(b) A full Table of deviations can be constructed from them. 

(c) By means of the chart of Horizontal Force published by the Admiralty, 
the Table constructed above can be corrected with close approximation 
for any latitude or longitude. 

Changes in the deviations caused by iron in the cargo, collisions, 
stranding, lying up in dock for long periods, or through extensive 
repairs, can be determined with accuracy by a recalculation of the co- 
efficients. 

All that is required is a set of deviations on eight equidistant points 
before adjustment and another set after adjustment. The second set should 
be a strict modification of the first set. If these are tabulated, then a 
third set as advised above would at once indicate the nature and amount 
of the change. 

By whatever method the deviations are found there is only one way of 
counteracting them, that is, by the use of magnets and soft iron correctors 
so placed as to produce opposite effects. 

There are three methods of adjustment— 

(a) The calculated co-efficient method. 

(6) By deflector, when the forces are measured. 

(c) By trial tentatively. ; 

The Co-efficient method :—The amount and direction of the deviation 
being known, the magnets and correctors can be placed approximately in 
ition by measurement, without swinging the vessel. 

By Deflector.—The deflector is an arrangement of magnets worked by an 
screw which measures the resistance offered by the compass needles 






-_— 





pos 


index 


a 


COMPASS ADJUSTMENTS 515 


to the force exerted to deflect the needles a givennumber of degrecs out of 


the magnetic meridian. 


When employed, it is placed upon the glass cover over the centre of the 
card. Theresistance, or force, when the ship's head is at N. mag., and again 
at S. magnetic, is to be read on the index ; the mean force is then set on 
the deflector, and the card will deviate a little from the point agreed upon 
above. It is made to come back again by means of a corrector magnet 
moved to or from the compass until the required result is produced. 

The operation is repeated on E. and W. mag. and corrected in the same 
way. Generally the compass offers less resistance with the vessel's head 
at E. or W. than it does at N. or S., because the beams introduce a red pole 
between the pole of the earth andthe red poles of the compass needles when 
her head is at right angles to the mag. mer. 

‘The mean of the resistance at N. and S. and E. and W. is set on the 
deflector ; the correction is made with the soft iron sphere correctors 
placed athwartships on each side of the compass. 

The third or tentative method is the most familiar to the navigator ; it is 
also the method used in the examination for a Master’s certificate. A 
detailed account follows. 

In each of the foregoing methods of adjustment B is described as a single 
fore and aft force. This is not always so, as it nearly always consists of 
two forces, a P. M. force and a varying quantity found in vertical iron either 
abaft or before the compass. 

The greater vertical force is generally abaft the compass, and its effect 
depends upon two things: whether the upper or lower end is nearest the 
compass, and the hemisphere in which the vessel is. The magnetism in 
vertical iron is governed by the dip; it reaches its maximum disturbing 
force at the magnetic poles and its least force at the magnetic cquator, 
where the disturbing force should be zero. 

A change of hemisphere produces a change in the colour of the poles. 

The P. M. in B is constant in all latitudes ; the N. P. M. in vertical iron 
varies with the dip and is therefore inconstant. 

Let the N. P. M. force in vertical iron be called f to distinguish it from B 
due to P, M.; both B and f act in the fore and aft line. B must be separated 
from #8 for each to be properly compensated. There are two tentative 
ways of doing this, one when the vessel is on the magnetic equator, the 
other when the vessel makes a large change in the.‘ dip’’ but docs not 
reach the magnetic equator. There is also a method by calculation, but it 
is not used in the merchant service. 

On the Magnetic Equator—On the magnetic equator @ is zero; it is 
therefore assumed that all the fore and aft disturbance is due to B only, 
and the correction required is made with the fore and aft magnet. Should 
any disturbance appear after a considerable change of latitude, it is assumed 
to be caused by the fore and aft force represented by # and is corrected by 
a soft iron bar placed vertically before or abaft the compass so as to 
counteract the disturbance. 

Not reaching the Equator.—When a vessel does not reach the equator, 
on her nearest approach thereto the B force predominates and is corrected 
by the fore and aft magnet. On her nearest approach to the magnetic pole 
the 8 force predominates, and is corrected by the vertical soft iron bar. 

Tentative Method of Adjusiment.—In detail the following procedure is 

HH 2 


516 COMPASS ADJUSTMENTS 


most commoniy adopted. The vessel’s head is p'aced E. or W. magnetic. 
The disturbing magnetism (8) in vertical iron, either before or abaft the 
compass in the middle line of the vessel, is sought for, its position is noted, 
and, as near as possible, the amount of this disturbance is estimated. The 
correction is made by placing a soft iron bar (Flinder’s bar) in a position to 
counteract the disturbance. Most commonly the disturbing force is abaft 
the compass, therefore, the Flinder’s bar is placed on the fore side, on the 
principle that a small piece of iron close to will have the effect of a large 
piece at a distance (see law ofinverse squares). In the Kelvin Compass the 
Flinder’s bar consists of pieces of soft iron of various lengths built up with 
pieces of wood, when necessary, all of which are placed in a brasscase. The 
uppermost piece of iron should be in the same plane as the compass card. 
When a vessel is built with her head east or west the fore and aft disturbing 
force will be due to 8 only and is corrected by a Flinder’s bar only. When 
built on any other point a P.M. force will be developed in the fore and aft 
direction and must be counteracted by a permanent magnet also placed fore 
and aft with its poles in the opposite direction to the disturbing poles, and 
moved to or from the compass until the card points as desired. Care should 
be taken that the poles of the corrector magnet are equidistant from the 
centre of the compass card and not nearer to it than twice the length of the 
corrector magnet used. When placed nearer than the above rule they give 
a deflection to the compass needles instead of counteracting the magnetism 
of the vessel. This deflection is most noticeable on the quadrantal points. 

The correction for B and f is only an approximation for any place but the 
magnetic equator. When the fore and aft forces B and f are cc mpensated 
the vessel’s head is brought N. or S. magnetic. Any P. M. force athwart- 
ships represented by Cis indicated by the N. end of the needle being attracted 
towards the vessel’s side. The correction is made by placing a magnet 
athwartships, observing the same rules as for B. The vessel's head is then 
brought to rest on any quadrantal point to find the value of any N. P. M. 
force represented by D. , 

Merchant vessels have their compasses placed in the middle of the 
vessel, mostly over athwartship beams that cross from side to side produc- 
ing + D. Soft iron correctors are placed on each side of the compass so 
as to produce an equal amount of — D, which is done by moving the cor- 
rectors to or from the compass. The plane of the compass card extended 
should cut the correctors in halves horizontally when the vessel is 
upright, and a vertical plane passing athwartships through the centre of the 
compass card should cut them in halves vertically ; and they should be 
equidistant from the centre of the compass. Because the arrangement of 
the beams rarely varies, this error is almost always + D, ranging in quantity 
from two to five degrees. Co-efficient D causes the least trouble, because 
the disturbing and correcting forces vary together, therefore, neither time nor 
place affects them unequally. The disturbances grouped under —D, +E, 
and — E are generally so small that they may be neglected. The compass 
adjusters should endeavour to use as few correctors of any sort as possible. 


The Heeling Error.—So far, all that has been said and done relates to a 
vessel in the upright position. But a vessel “ heels’’ from side to side while 
the compass bowl and card swing free, altering its position with reference 
to the horizontal and vertical iron in its vicinity; new forces are brought 
into action and the compass is again disturbed. The action of the two 
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chief forces may be explained as follows: Let B B’ (Fig. 5) represent a beam 

when the vessel’s head is at N.or S. Being at right angles to the mag. 

meridian it has no disturbing effect, but when the beam is inclined one way 
Sr 
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Northern Hemisphere 
Fig. 5 
Showing upper and lower ends of teams in Northern Hemisbhere 
or the other the upper ends at C become blue and attract the N. end of the 
necdle towards the high side in the Northern Mag. Hemisphere and repel the 
N. end of the needle towards the low side in the Southern Mag. Hemisphere 
where the upper ends at C are red (sve Fig. 6) 
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Southern Hemisphere 
Fig. 6. 
Showing upper and lower ends of beams in Southern Hemisphere 


Vertical Iron.—Vertical iron that was under the binnacle when the vessel 
was upright has no disturbing power, but when the vessel heels the relative 
positions of compass needle and the vertical iron are altered and a new 
horizontal force is developed whose action depends upon the colour of the 
pole nearest the compass. 

The induced magnetism in vertical iron varies as the tangent of the 
dip, and is, therefore, greatest at the magnetic poles and nil on the magnetic 
equator. Inthe Northern Magnetic Hemisphere the upper eads of vertical 
iron are blue and tle lower end- are red, therefore when the ship heels in 
the No.thern Magnetic Hemisphere the blue ends of vertical iron below the 
compass coming out on the high side will draw the needle to the high side. 

On the magnetic equator the vertical iron is blue on the South side and 
red on the North side, and the effect on the compass is nil. 

In the Southern Magnetic Hemisphere the upper ends of vertical iron 
are red and the lower ends blue. ‘Therefore when the ship heels in the 
Southern Magnetic Hemisphere the red ends of vertical iron below the 
compass coming out on the high side will repel the north end of the needle 
to the low side. Induction in vertical iron causes semi-circular deviation 
of a different name in each hemisphere. 

The disturbance caused by the beams B B’, (Tigs. 5 and 6) is largely com- 
pensated automatically for all positions by the spheres used in the D cor- 
rection. The beams B B’causea + D, the spheres a — D; these two forces 
vary together both in the upright and inclined positions. The heeling error 
from vertical iron is compensated by a permanent magnet. As induced 
magnetism in vertical iron is a N. P. M. force this is a contradiction in com- 
pensation; it is the only case where a permaneat magnet is used to correct 
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a N. P. M. disturbance. To be consistent a soft iron corrector should be- 
placed vertically above the compass, but this would be so inconvenient that 
it is never done; instead, a permanent magnet is used, which must be 
moved up or down as the dip increases or decreases. On the magnetic 
equator where the N. P. M. force reaches zero the heeling error is caused by 
the vertical component of sub-permanent magnetism only, and when the ship 
proceeds into the Southern Hemisphere. if the magnetic induction in vertical 
iron exceed that from sub-permanent magnetism,-the correcting vertical 
magnet would have to be placed with the other end up. 


Heeling. —The adjustment for the heeling error is made either by heeling 
the vessel, or by the dipping needle. 

The vessel is placed heading N. or S. by compass, then heeled about 
ro degrees. If the north end of the compass needle deviates towards the 
high side of the vessel there is a blue vertical force beneath the compass. 
If the north end of the compass needle deviates towards the low side there 
is a red vertical force beneath the compass. 

The vertical magnet beneath the compass is moved up or down so as 
to counteract the vertical disturbance, red end up if the north end goes to 
windward and blue end up if the north end goes to leeward. 


With the Dipping Needle.—The dipping needle (see p.5c7) is adjusted 
onshore. It is placed in the magnetic meridian with its norim end towards 
the N. pole ; a small sliding weight in a slot at the other (blue) end is moved 
along until the needle is horizontal. It is then taken on board, the vessel is 
placed with her head E. or W. magnetic, the compass card is unshipped, and 
the dipping needle fixed vertically on the pivot, the north end, as before, 
towards the N. magnetic pole. The unweighted end dipping downwards 
indicates a blue force beneath the compass; if it is repelled upward a 
red force is indicated. 

This applies to the Northern Mag. Hemisphere. For the Southern Mag. 
Hemisphere the dipping needle would have the red end of the needle weighted. 

The adjustment is made by means of a vertical magnet the same as whcn 
heeling. ; 

If the north end of the needle dips, make it horizontal by placing a 
magnet vertically under the centre of the compass, red end uppermost ; if 
the north end is repelled upwards the above-mentioned magnet must be 
placed with its blue end uppermost. 

This adjustment holds good only for places of the same magnetic dip ; 
for greater dip the magnet should be moved up; for lesser, down. 

The heeling error can also be corrected by the method of vertical vibra- 
tion carried out in a similar manner to that explained in finding co- 
efficient A, (Lambday. 


Retained Mag netism.—So long as there is any vibration in the hull of the 
vessel there is an ebb or flow of magnetism more or less temporary in nature, 
because the vessel never stays in any one fixed direction long enough to 
secure permanency. If a vessel is laid up in dock for a long time with her 
head in one direction, or for a lesser time with winches going, or most com- 
monly when she has been kept on one course for a long time, a red polarity is 
developed in that part of the vessel directed towards the north magnetic 
pole. This polarity decreases the attractive power of the earth’s magnetic 

ole and causes the compass to become less and less sensitive while 


continuing on the same course. When the course is changed the red. 
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polarity will have at first a strong repelling effect, which rapidly diminishes 
in force and eventually disappears. 

Retained magnetism always has the effect of carrying the vessel towards 
the last course steered. The deviation should be obtained directly the 
course is changed. There is no possible compensation for this error. 

The great object in compensating a compass is to entirely eliminate the 
magnetism of the ship by introducing co-efficients of the same amount 
and of opposite names by means of magnets and soft iron correctors. 

For detailed information read the ‘‘ Elementary Manual,” edition 
revised by Captain Craik, R.N., etc., and Towson's Deviation. 


DEVIATION OF THE COMPASS 
SYLLABUS OF EXAMINATION FOR MASTER ORDINARY 


x. State briefly the essentials of an efficient compass. 


It is essential that the card should have the greatest possible magnetic 
power in its needles, combined with the smallest possible weight in the whole 
card. The jewelled cap should be sound—that is, not worn nor cracked, 
and the pivot sharp and free from rust. If the card is placed on the pivot 
and deflected through a small angle froin its position of rest, it should always 
come back exactly tothesame point. The card should be accurately divided 
and centred, and the point of the pivot should be in the same plane as the 
gimbals of the bowl. 


Standard compasses must be furnished with the means of taking the 
bearing of an object at any clevation, and of reading it off within a degree. 
When a compass is placed on board ship, the lubber line should be vertical 
and exactly in the fore-and-aft line from the centre of the card, and the 
bowl should swing freely in its gymbals. It is desirable that all compass 
bowls should be made of pure copper. 


2. State bricjiv the chief points to be considered when selecting a position for 
your compass on board ship, and what should be particularly guarded against, 


The standard compass should be in the midship line, in a convenient 
position fur constant watching by the officer of the watch, and for comparison 
with the steering compass, and should have a clear view all round for 
taking bearings. It should not be less than five fect from iron of any kind, 
and the proximity of vertical iron, and of iron which is liable to be changed 
in position, such as davits, derricks, ventilating cowls, &c., should be par- 
ticularly guarded against. Where electric lighting is used, the position of 
the dynamo has also to be considered, as it may disturb a compass at the 
distance of fifty or sixty feet. 

Steering compasses must be so placed that the card can be clearly seen 
by the helmsman, and should be as far from any iron as circumstances will 
allow. 


3. What do you mean by deviation of the conipass, and how is it caused ? 


The deviation of the compass is the angle between the magnetic meridian 
and the direction of the compass needle, and is caused by the iron of the 
ship, whether uscd in her construction, 1n her equipment, or in her as cargo. 


4. Describe how you would determine the deviation of your compass: 


1) by reciprocal bearings ; (2) by figures on the dock walls ; (3) by bearings of a 
oe jae : (4) by the bearings of the sun or other celestial body, 


To determine the deviation of the compass by reciprocal bearings, a 
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compass should be placed on shore wherc there is no iron in the vicinity, 
and where it can be conveniently seen from the standard comp: ss. As 
the ¢: ip is swung round, observe the bearing of the shore comn=ss trom the 
standard compass when the ship’s head is steady on each point; and, by 
signal, have the bearings of the standard compass taken by the shore com- 
pass at the same instant. The difference between the bearing taken on 
board and the opposite of the shore bearing is the deviation on the respective 
points. 


By figures on the dock wall, Where they are available, as at Liverpool, 
the difference between the bearing of the object in the background and the 
bearing marked on the wall exactly in line with the object is the error for 
any point the ship's head may be on. Apply the variation and get the 
deviation. 


By bearing of distant object. When the magnetic bearing is known, the 
difference between it and the bearing observed by the standard compass with 
head on any point is the deviation. When the magnetic bearing is not 
known it may be taken from the chart, or it may be found by getting the 
difference of bearing between it and the sun, and applying that difference to 
the sun’s true bearing, computed or found from Azimuth tables, and allowing 
the variation ; the magnetic bearing can be found and thence the deviation. 


By bearings of the sun or other celestial object. The exact time must be 
noted and the bearing of the object taken when the ship's head is on each 
point. The true bearing of the object at each observation can be computed 
or found by Azimuth tables. By applying the variation with its proper sign 
to the true bearing, the magnetic bearing is found. The difference between 
the magnetic bearing and the compass bearing is the deviation on each point. 


5. Having detcrmined the deviation with the ship's head on the various 
points of the compass, how do you know when it is easterly and when westerly ? 


If the correct magnetic bearing be to the right of the bearing by the com- 
pass on board, the deviation is Easterly ; if to the left, Westerly. 


6. Why is it necessary, in order to ascertain the deviations, to bring the ship's 
head in more than one direction ? 

Because the deviation changes in amount, as well! as in the direction in 
which it is to be applied, being easterly on some points and westerly on others, 
when the direction of the ship’s head is changed. 


7. For accuracy, what is the least number of points to which the ship's head 
should be brought for constructing a curve or table of deviations ? 

For an accurate table the deviation must be obtained with the ship's head 
on the four cardinal points, and on the four quadrantal points, 


8. How would you find the deviation when sailing along a well-known coast ? 

By taking the compass bearing of any two objects which are marked on 
the chart, when they are in line. The magnetic bearing can be obtained 
from the chart, and the difference between it and the compass bearing is the 
deviation. 
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c. Name some suitable objects by which you could readily oblain the deviation 


of tne compass when sailing along the coasts of the Channel you have been 
accustomed to use. 


The following are a few of the very great number of instances where two 
objects can be got in line, or in transit as it is commonly called, and thus are 
available for obtaining the deviation :—The lighthouse and old lighthouse 
of South Foreland. Tyne Harbour lights. Bolthead and Start lighthouse. 
Prawle Point and Start Point. Eddystone and Rame Head. The Break- 
water light house, with verious buoys, beacons, and distant objects laid down 
on the Channel Chart. Shipwash lightship, with the Orfordness light. 
Newarp, with Cockle lightship. Skerries and South Stack. Smalls light- 
house and Bishop lighthouse. Wolf and Longship lighthouses. Fastnet 
lighthouse and Mizen Peak, 


10. Supposing you have no means of ascertaining the magnetic bearing of a 
Listant object when swinging your ship for deviations, how could you find it, 
approximately from equi-distant compass bearings ; and at what dis‘ance asa 
rule should the object be from the ship ? 


The magnetic bearing may be fourd, approximately, by taking the mean 
of four or more bearings taken with the ship's head on equi-distant points ; 
the mean of the bearings with head on the cardinal points gives a good 
result if the ship is upright, otherwise the mean of the bearings with head 
east and west is better, as there should beno heeling error on those points to 
vitiate the result. 


When using a distant mark it should be so far away, that the radius 
of the circle, along the circumference of which the standard compass moves 
as the ship goes round, subtends a smaller angle than is of practical con- 
sequence in navigating. Using the Traverse table, taking 1° as a course, 
and the distance of the object as a distance, the length of the radius which 
will cause r° of error in the bearing will be the departure. 


11. Having taken the following bearings by your standard compass, of a 
distant object, find the object’s magnetic bearing and also the deviation, 


MAGNETIC BEARING REQUIRED—N. 80° E, 






















Ship’s head ‘. Ship’s head Rearing b : 
by Standard pater by Standard Standard Deviation 
‘Compass requir Compass Compass required 

























North m° E, South N..94° E. 14° W, 
NE 26° E. S.W. N, 98° E, 18° W, 
East 20° E. West N. 97° E. 17° Wz. 
SE. a N.W. N. 90° E, 1° W, 
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To find the magnetic bearing take the mcan of the eight bearings 





Comp. direction N. N.E, E. S.E. 
a Mag. bearing N.80°E, N.80°E. N.80°E. N. 8°E, 
x 69° E Comp. beaing N.69°E. N.54°E. N.60°E. N.78°E. 
N. oF E. Deviations 1r° E. 26° E 20° E. "2° E 
N. 78° E. 
N. 94° E 
= 98° E. Comp. direction Ss. S.W. Ww. N.W. 
Nes Mag. bearing N.80°E. N.80°E, N.8°E. N.80°E. 
1 9or es Comp. bearing N.94°E. N.o8° E. N.g7°E. N.90°E. 
o _ i —_— = 
S)G40 Deviations 14°W. 18° W. 17° W. 0° W: 


N. 80° E. Mag. bearing required 


To find the magnetic bearing.—When some bearings are easterly and others 
westerly, the difference between the easterly and westerly bearings must be 
taken before dividing by the number of bearings. 


12. With the above deviations construct a curve of deviations on a Napier's 
diagram and give the courses you would steer by standard compass to make good 
the following magnetic courses, 

Magnetic courses N N.E. E.S.E. S.S.E. W.NLW. 


Compass courses N. 7° E. S.86°E.  S. yEL N.5437 W. 


EXPLANATION OF NAPIER’S DIAGRAM. 
IT IS THUS HEADED: 


DIAGRAM. 
NORTH POINT OF COMPASS NORTH POINT OF COMPASS 
DRAWN TO THE DRAWN TO THE 
WEST. EAST. 


There is a line drawn through the centré of the diagram (page 522) with 
a scale of degrees and points of the compass marked on it; this call 
the mesial line. At each point of the compass the mesial line is intersected 
at the angle of sixty degrees by dotted lines drawn upwards from right to 
left, and at the same angle downward from right to left by plain lines. 
These dotted and plain lines also cross each other where they intersect the 
mesial line at the angle of sixty degrees, and thus, with the parts of the 
mesial line intersected, form equilateral triangles. 


To construct the Curve of Deviations 


Easterly deviation is laid off on the right of the mesial line. Westerly 
deviation is laid off on the left of the mesial line. , The dotted lines are used 
when the deviations are for ship's head by compass and the plain lines 
are used when the deviations are for magnetic points. 

Commencing at North take in the dividers 11° from the mesial line and 
lay it off from North along the dotted line to the right, and mark the spot 
reached A; proceed in the same manner at N.E., East, and S.E., marking 
them B, C, and D respectively 
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Lay off the deviation at South, S.W., West, and N.W. in exactly the same 
manner, but to the left of the mesial line, and mark them E, F, G, and H 
respectively ; lay off the deviation at North at the bottom of the curve to 
the right and mark it A’. Now draw a flowing curve through A, B, C, D, 
E, F, G, H and A’ and it will show the deviations of the compass and the 
magnetic directions of ship's head for any point. 


To find the Compass Coursc, the Magnetic Course being given 
Place one Jeg of the dividers on the given magnetic course on the mesial 
line and measure along the plain line until the other leg reaches the curve; 
now move the leg which is on the curve in the direction of the dotted line 
until it reaches the mesial line,and the point arrived at will be the compass 
course required. 
Example.—The magnetic course being N.E. by E., find the compass 
course, 
Ans. Compass course N. 33° E. 


Example.—The magnetic course being S.W. by W., find the compass 
course. 
Ans. Compass course S. 75° W. 


To find the Magnetic Course, the Compass Course being given 


Place one foot of the dividers on the given compass course on the mesial 
line and measure along the dotted line until the other leg reaches the curve. 
Now move the leg which is on the curve in the direction of the plain line 
until it reaches the mesial line, and the point reached is the magnetic course 
required. 

Example.—You have steered S$.S.W. by compass; find the magnetic 
course. 

Ans, Magnetic course S, 53° W. 

Example.—You have steered E. by S. by compass; find the magnetic 
course, 

Ans, Magnetic course S. 623° E. 


To Correct Bearings 


Measure the deviation along the dotted line passing through the compass 
direction of ship’s head on the mesial! line and apply it to the bearings. 


In the question the ship’s head is E. by N. and the deviation from the 
curve is 22° E., and this applied to the bearings by compass in the usual way 
gives the magnetic beayngs. 


Compass bearing N. 56° E. Compass bearing S. rr° E. 
Deviation 22° E. Deviation 22° E. 
Magnetic bearing N. 78° E. Magnetic bearing S. 11° W. 


Anexamination of the curve on page 341 will make the subject clear. 
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13. You have steered the following courses by the standard compass; find 
the magnetic courses from the curve of deviations. 


Compass courses W.S.W. N.N.W. E.N.E. S.S.W. 
Magnetic courses S. 49° W. N.23)°W. S.89°E. 5S. 54° W. 





14. You have taken the following bearings of two distant objects by your 
standard compass with the ship's head at E. by N.; find the magnetic bearings. 


Compass bearing N.E. by E. and S. by E. 
Magnetic bearing N. 78° E. S. rr° W. 


15. Do you expect the deviation to change ; if so, state under what circum- 
stances ? 

I should expect the deviation to change. First, from lapse of time, 
especially in a new ship, also when she is kept or steered in a direction 
opposite to that in which she was built. The deviation may also be expected 
to change with change of geographical position, from sustaining strains from ~ 
heavy seas, or shocks, such as from a collision. Ifa ship is steered for some 
time on one course, especially if near the east or west point, when the course 
is altered the north point of the compass may be drawn towards that part 
of the ship which was previously towards the south. 


16. How often ts tt desirable to test the accuracy of your table of deviations ? 

For the reasons before given, the compasses of a new ship require to be 
more frequently tested than those of an old onc, and those of a ship proceed- 
ing to the opposite hemisphere than those of a ship sailing on the same 
parallel. But under all circumstances the deviation should be tested for 
the course on which the ship is sailing as frequently as is practicable ; and if 
a change in the deviation on such a course is observed, the accuracy of your 
table should be ‘ested, at the earliest opportunity and, if necessary, corrected. 


17. What is meant by variation of the compass; what is it caused by ; and 
where can you find the variation for any given position ? 

Variation of the compass is the angle, at any place, between the true 
and magnetic meridians and is caused by the magnetic poles not coinciding 
with the geographical poles. The variation for any given position can be 
found on the Admiralty variation chart. 


18. The earth being regarded as a magnet, which is usually termed the 
blue, and which the red magnetic pole ? 

The north magnetic pole is usually termed the blue and the south 
the red. 


19. Which end of a magnet (or compass needle) is usually termed the red or 
“ marked" end, and which the blue ? 

That end of a magnet or compass needle which points towards the north 
when it is suspended so as to move frecly in the horizontal plane is usually 
termed the red, or marked end; the end which points towards the south is 
termed the blue. 
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20. What effect has the pole of one magnet of cither name on the pole of another 
magnet ? 


The pole of one magnet of either name will repel the pole of the same 
name, and attract the pole of the contrary name of another magnet. 


21. Whut is meant by transient induced magnetism ? 


Transient induced magnetism is magnetism which is instantly produced 
in soft iron when it is exposed to any magnetic force, such as that of the earth, 
and is parted with or changed immediately the inducing force is removed or 
changed. Thenear poles of the induced magnetism and of the inducing cause 
are always of contrary names. 


22. Which isthe red and which is the blue pole of a mass of soft vertical tron, 
by induction, and what effect would the upper and lower ends of it have on the 
compass needle (a) in the northern hemisphere, (b) in the southern hemisphere, 
(c) on the magnetic equator ? E 


The red pole is at the lower end in the northern hemisphere, and the blue 
pole is at the upper end; in the southern hemisphere the red pole is at the 
upper end, and the blue pole is at the lower end. Therefore the upper end 
attracts the north end of the compass needle, and the lower end repels it in 
the northern hemisphere ; and in the southern hemisphere the upper end 
tepels the nerth end of the compass needle, and the lower end attracts it. 
On the magnetic equator one side is red and the other blue, so that the 
compass needle should not be affected by either end. 


23. Describe what 1s usually termed the sub-permanent* magnetism of an 
iron ship, and state when and how itis acquired, and which is the red and which 
the blue Dole, and why it ts called sub-permanent magnetism. 


The sub-permanent magnetism of an iron ship is first acquired from the 
earth’s inductive influence while the sbip is being built, but remains after 
she is launched, although it undergoes a considerable reduction, especially 
when she proceeds to sea or is subjected to concussion with her head in any 
other direction than that in which she was built. The red sub-permanent pole 
of the ship is that which was directed towards the blue or north magnetic 
poie of the earth, and the opposite extremity of the ship is the blue sub- 
permanent pole. : 


It is termed sub-permanent magnetism to distinguish the magnetism 
which is thus acquired by a ship while building, from the magnetism of a 
magnetised steel bar, which is of a much more permanent character. 


24. Describe the meaning of the expression co-efficient A. 


Co-efhcient A represents a deviation of the same sign and amount, on 
all puints of the compass. It has the sign + when that deviation is easterly, 
and the sign -—- when westerly. It should have no value when the iron 1s 
-vuimetrically situated beside the compass. 


* The term “ sub-permanent "’ maynetism in these questions jis used in the original sense, 
as proposed by the late Sir G. B. Airy, to denote the character of the permanent magnetism of 
un iron ship as distinguished from the permanent magnetism of a magnetised steel bar. The 
terms “‘ sub-permanent" and “ permanent” throughout these questions may, therefore, be 
considered as synonymous. 
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25. Describe the meaning of the expression co-efficient B, its signs and effects, 

The expression co-efficient B represents a magnetic force in the fore- 
and-aft line of the ship. It has the sign + when the north point of the 
compass is attracted towards the ship’s head, and the sign — when the north 
point of the compass is drawn towards the ship's stern. The effects of a + 
B are easterly deviations with ship’s head in the eastern semicircle of the 
compass, and westerly deviations in the western semicircle, attaining a 
maximum value on the east and west points, decreasing to zero on the north 
and south points, by compass. 

The effects of a — B are easterly deviations with ship’s head in the western 
semicircle, and westerly deviations with the ship’s head in the eastern semi- 
circle, with a maximum value on the east and west points, decreasing to 
zero on the north and south points, by compass. 


26. Describe the meaning of the expression co-efficient C, its signs and effects. 

The expression co-efficient C represents the athwartship component of 
sub-permanent magnetism. It has the sign + when the north point of the 
compass is attracted towards the starboard side, and the sign — when the- 
north point of the compass is attracted towards the port side. + C causes 
easterly deviations with ship's head in the northern semicircle, and westerly’ 
deviations in the southern semicircle, attaining a maximum value on the 
north and south points and decreasing to zero on the east and west points, 
by compass. 

— Ccauses westerly deviations with ship's head in the northern semicircle, 
and easterly in the southern semicircle, attaining a maximum value on the 
north and south points and decreasing to zero on the east and west points, 
by compass. 

B and C are termed co-efficients of semicircular deviation, because the 
deviation they represent is always easterly in one semicircle and westerly 
in the other. 


27. Describe the meaning of the expression co-efficient D, tts signs and effects. 

The expression co-efficient + or — D represents a magnetic force, caused 
by induction in horizontal soft iron, either fore-and-aft or athwartships, 
which so changes in direction, as the ship goes round, as to cause a deviation 
alternately easterly and westerly in successive quadrants, hence the name 
quadrantal deviation. + D causes easterly deviations with ship’s head be- 
tween N. and E., and S. and W.; and westerly deviations between S. and 
E., and N. and W. 

~~ D gives results exactly the reverse to + D. 

Both + D and — D have a maximum value on the four quadrantal 
points, and become zero on the cardinal points, by compass: 

Co-efficient D very rarely has a — sign. 


28. Describe the meaning of the expression co-efficient E,its signsand effects. . 

The expression co-efficient + or — E represents a magnetic force, 
caused by induction in horizontal iron, diagonal to the fore-and-aft line. or 
unsymmetrically distributed about the compass, which so changes in direction 


asthe ship goesround, as to causea deviationalternately easterly and westerly / 


in successive quadrants, -+ E causes easterly deviations with ship's head 
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between N.E. and N.W., and S.E. and S.W.; and westerly deviations 
between N.E. and S.E., and N.W. and S.W. 

—E gives results exactly the reverse to + E. 

Both + E and — E have a maximum value on the cardinal points, and 
become zero on the four quadrantal points, but are usually very small in 
amount in compasses placed in the middle line of the ship. 

D and E are termed co-efficients of quadrantal deviation. But as — D 
is very rare, and E has no value when the iron is symmetrical about the 
compass, the quadrantal deviation is nearly always due to + D. 


29. Would you expect any change to be causedin the error of your compass 
by the ship heeling over either from the effect of the wind or the cargo, &c. ? 

Yes, because forces which were vertical when the ship was upright and 
caused no deviation, act obliquely when she heels, and cause deviation. 


30. The compasses of tron ships being more or less affected by what is termid 
the heeling error, on what courses is this error usually at its minimum, and on 
what courscs at its maximum ? 

The heeling error usually has a minimum value on courses east or west 
by compass, because the disturbing force is then acting in the direction of 
the compass needle and causes no deflection. It usually has a maximum 
value on courses near north or south, because the disturbing force is then 
acting at right angles to the compass needle and causes the greatest amount 
of deflection. 


: 31. Describe clearly the three principal causes of the heeling error on board 
ship, 

The three principal causes of the heeling error are vertical induction in 
transverse iron, induction in iron vertical to the ship’s deck, and the vertical 
component of the sub-permanent magnetism. The part arising from vertical 
induction in transverse iron is due to the fact that such iron as beams, by 
departing from the horizontal position, and inclining to the vertical as the 
ship heels, acquires polarity in its ends by induction from the earth, of the 
same sign as that of vertical iron in that hemisphere. This polarity tends to 
draw the north point of the compass to one side or the other. 

The part arising from induction in iron vertical to the ship’s deck is 
due to the fact that such iron is not vertical to the earth when the ship heels. 
The amount of magnetism induced therein is less in quantity, but by the 
poles becoming on one side of the compass, instead of vertically under it, 
the north point is drawn to one side or the other. 

The part arising from the vertical component of the ship’s sub-permanent 
magnetism, arises from the fact that although the force remains the same 
in amount, in all latitudes and both hemispheres it becomes on one side or 
the other as the ship heels, and so deflects the compass needle. 


32. State to which side of the ship in the majority of cases is the north point 
of the compass drawn when the ship heels over in the northern hemisphere. 

To the weather or high side, because the higher ends of the beams, and 
the upper ends of vertical iron which terminate below the compass, and sc 
go towards the high side when the ship heels, have blue magnetism by indue- 
tion in the northern hemisphere, and draw the north point of the compass 
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to the high side. If the compass is near vertical iron, such as the funnel, 
having its upper end above the compass, the force to the high side is 
diminished. 


33. Under what conditions (that is, as regards position of ship whilst 
building, and the arrangement of iron in the ship) isthe north point of the compass 
needle usually drawn to windward or the high side of the ship in the northern 
hemisphere, and if not allowed for, what effect has it on the assumed position 
of the ship when she ts steering on northerly also on southerly courses in the 
northern hemisphere ? 


In the northern hemisphere, if a ship is built head to the northward, and 
the compass is aft, the north point will be drawn downward by sub-perma- 
nent magnetism. If the compass is forward this downward force is much 
diminished. As the force downward in the ship becomes in part a horizontal 
force towards the high side when the ship heels, continuous athwartship 
iron would also draw the needle to the high side. 


In the northern hemisphere the error thus caused will put the vessel to 
windward of her assumed position on northerly courses, and to leeward on 
southerly courses. 


34. Under what conditions (as in question 33) is the north point of the com- 
pass needle usually drawn to leeward or the low side of the ship in the northern 
hemisphere, and, if not allowed for, what effect would it have on the assumed 
position of the ship, when she is steering on northerly also on southerly courses, 
in the northern hemisphere ? 


In the northern hemisphere, if a ship is built with head to the southward, 
and the compass is aft, the north point of the needle will be pushed upward 
by sub-permanent magnetism. If the compass is forward, this force is 
diminished. As an upward force in the ship becomes in part a horizontal 
force towards the low side when the ship heels, if the compass were placed 
between divided beams they would also repel it to the low side. 


_In the northern hemisphere the error thus caused, if not allowed for, 
will put the vessel to windward of her assumed position on southerly courses 
and to leeward on northerly courses. 


35. The effects being as vou state, on what courses would you keep away, and 
on what courses would you keep closer to the wind in the northern hemisphere 
mn order to make good a given contpass course (a) when north point of compass 
ts drawn to windward or the high side of ship ; and (b) when drawn to leeward 
or the low side ? 


When the north point of the compass is drawn to windward, keep away 
on northern courses and closer to the wind on southern courses. When the 
north point of the compassis drawn to leeward, keep closer to the wind on 
northern courses and keep away on southern courses. 


36. Does the same rule hold good in both hemispheres with regard to the 
heeling error ? 
Yes. 
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37. State clearly how that part of the heeling error due to the permanent part 
of the magnetism of the ship variesas the ship changes her position on the globe, 
and what ts the reason of this ? 


That part of the heeling error due to the permanent part of the ship’s 
magnetism decreases as the ship approaches the magnetic equator where 
it is least but does not vanish; it increases again as the ship goes towards 
the south magnetic pole, and hasthe same name in both hemispheres. The 
reason for this is that although the sub-permanent magnetism is of the same 
amount in all latitudes and both hemispheres, the earth’s horizontal force 
which directs the compass needle is greatest on the magnetic equator and 
least at the magnetic poles, therefore, the sub-permanent magnetism would 
have least effect where the horizontal directive force is greatest, and greatest 
effect where the horizontal directive force is least. 


38. State clearly how that part of the heeling error due to the induction in 

transverse iron (which was horizontal when ship was upright) and iron vertical 
_ to the ship’s deck, varies as the ship changes her position on the globe. 

That part of the heeling error due to induction in vertical iron and 
transverse iron which when the ship was upright caused no heeling error 
varies as the tangent of the dip. It is therefore greatest in high latitudes, 
decreasing to zero on the magnetic equator where 11 is nil and increases 
again as the ship recedes from the magnetic equator into the southera 
hemisphere where it is of an opposite name. 


39. Your steering compass having a large error, show by “‘ Beall’s Compass 
Deviascope”’ how you would correct it by compensating magnets and soft tron 
(as usually practised by compass adjustersin the Mercantile Marine) in order 
to reduce the error within manageable limits. Show also how the heeling error 
can be compensated, 


This question is given for examination in practical compass adjustment 
on the deviascope. In order to prepare for such examination, and also to 
obtain much valuable information on the magnetism of iron ships, the 
‘‘ Handbook to the Deviascope ’”’ should be obtained. It is sold (price Xs., 
and Supplement 3d.) by J. D. Potter, 145, Minories, E. 1. ~ 


40. As the co-efficient B (capable of being corrected) usually consists of two 
parts, one due to the permanent magnetism of the ship, and the other to vertical 
induction in soft iron, how should each of the two parts, strictly speaking, be 
corrected when compensating the compass ? 

The part due to permanent magnetism should be corrected by magnets, 
the part due to vertical induction by an upright bar of iron on the opposite 
side to the disturbing force. 


241. If the whole of co-efficient B be corrected by a permanent magnet, as is 
usually done, what is likely to ensue as the ship changes her magnetic latitude ? 
If the whole B is corrected by magnets, + B or — B will probably appear 

as the ship goes to the northward or southward, because the part of B 
depending on induction will increase as the ship goes from, and diminish as 
the ship goes towards the equator, and is of opposite name in the southern 


hemisphere. 





rrr mr re 


DEVIATION OF THE COMPASS 531 


42. Provided the needles of your compass are not so long and powerful, and 
so near, as to cause the soft iron correctors to become magnetised by induction, 
would the co-efficient D if properly compensated be likely to remain so in all 
magnetic latitudes and both hemispheres? Lf so, state the reason why, 

If the correctors are not affected by the compass needles, the correction 
of the D will remain perfect in all magnetic latitudes. Because the D is 
caused by induction in the horizontal, soft iron of the ship trom the earth’s 
horizontal force, and the value of soft iron as a corrector depends upon the 
same force. Therefore, the disturbing force and the correcting force vary 
together, and, if once made equal, they remain equal. If D is not corrected 
it should always be of the same amount for the same reason. 


43. State at what distance, as a general rule, the magnets and soft iron 
correctors should be placed from the compass needles, and what will be the con- 
sequence if they are placed too near the needles. 

Magnets of the length generally used should not be placed nearer than 
twice the length of the magnets from the centre of the compass. Soft iron 
correctors should not be nearer than 14 times the length of the needles from 
the centre of the compass 

If the magnets are placed too near the compass needles, and the semi- 
circular deviation is exactly corrected on the cardinal points, that correction 
would not be perfect on other points. The error would be greatest on the 
quadrantal points, 

If the quadrantal correctors are too near, the D would be found to be 
over-corrected when the ship goes to a place of less horizontal force, and 
under-corrected if she goes to a place of greater horizontal force. 

If the iron bar for correcting the induced part of 3 is too near, either end 
of the needle will be drawn towards the bar when in its vicinity, and sc 
vitiate the correction. 

It is especially necessary to consider the distance of ths correctors from 
the centre of the compass when the compass is suspended in such a manner 
as to allow the needles to alter their position relatively to the correctors, 


44. Isit necessary that the magnets used for compensating co-efficients B 
and C should be placed on the deck? If not, state where they may also be placed, 
and the rules to be observed in placing them into position, 

It is not necessary that the magnets for correcting the semi-circular 
deviation should be placed on the deck. The magnets for correcting the 
B must be horizontal, fore-and-aft, and the middle of the magnets in the same 
vertical athwartship plane as the centre of the compass. The magnets 
for correcting the C must be horizontal, athwartships, and the middle of the 
magnetsin the same vertical fore-and-aft plane as the centre of the compass. 
If these conditions are fulfilled the magnets may be placed inside or on the 
outside of the binnacle, or in any convenient place. In wheel houses it is 
sometimes convenient to place them on a near bulkhead. 


45. Can the compensation of the heeling error be depended upon when the 
ship changes her latitude ? If not, state the reason. 
Compensation of the heeling error cannot be depended on when the ship. 


12 
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changes her latitude, because part of it is due to induction in transverse and 
vertical soft iron. This part decreases as the ship approaches the magnetic 
equator, where it is zero, and is ef contrary name in the two hemispheres. 
It is impossible that this can be compensated by a fixed magnet, which is 
the usual practice, except for the place where the ship is, and for places where 
the induced magnetism will be the same. 


SYLLABUS OF EXAMINATION FOR EXTRA MASTER IN THE LAWS 
OF THE DEVIATION OF THE COMPASSES OF AN IRON SHIP, 
AND IN THE MEANS OF COMPENSATING OR CORRECTING IT. 


From January 1, 1895, the following Syllabus will be substituted 
for the one at present in use in the examination of all candidates for the volun- 
tary examination in Compass Deviation and for Extra Masters’ Certificates, 
Candidates will be required to give correct written answers to at least 15 
of the questions ; these will be marked by a cross by the Examiner. They 
will also be required to prove by ‘‘ Beall’s Compass Deviascope ” (x) their 
knowledge of the Tentative method of Compass Adjustment, and (2) that 
they really possess a good knowledge of what they have written, by showing 
on the Deviascope that they are acquainted with the practical application 
of the same, or of any other questions in the Syllabus that the Examiner in 
the course of the examination may think proper to touch upon. Questions 
31, 6x, 62, 69, 70, 72, and 92, will be marked by the Examiner in all cases, 
The other questions will be constantly varied. 


x. Describe an artificial magnet, and how a steel bar or needle is usually 
magnetised, 


An artificial magnet generally consists of a tempered steel bar, mag- 
netised by the inductive action of another magnet, either natural or artificial. 
The loadstone and the earth itself are natural magnets. A very general 
method of magnetising a steel bar or a compass needle is by the means of a 
horse-shoe magnet ; the needle-to be magnetised is laid on a flat surface, 
and one of the poles of the horse-shoe magnet when pressed on the needle 
should be drawn from end toend. The other pole of the horse-shoe magnet 
should then be brought to the centre of the needle, and drawn several times 
in the opposite direction. This process should be repeated on the other 
side of the needle, care being taken that in all cases the same pole of the horse- 
shoe should be drawn to the same end of the needle. Steel bars for correct- 
ing compasses, and smaller pieces of steel for compass needles, are also 
magnetised by drawing each half over the poles of a strong compound 
magnet or of an electro-magnet. 


2. Which end of the compass needle, or a magnet, is commonly termed the 
ved, and which the blue pole ? . 

That end of the compass needle or magnet which points towards the 
north when it is suspended so as to move freely in the horizontal plane is 
usually termed the red: pole, and the end which points towards the south is 
termed the blue pole. 
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3. Which is the red magnetic pele of the earth, and which the blue? and 
give their geographical positions. 

The northern magnetic pole is termed blue, and the southern red. The 
blue pole is in lat. 70° N. and long. 97° W. The red pole is about 73° S. and 
155° E. 


4. What effect has the pole of one magnet of either name on the pole of the 
same name of another magnet, and what would be the consequence of the pole of ene 
magnet of either name being brought near enough to affect the pole of contrary 
name, if in these cases both magnets were freely suspended ? 

The pole of one magnet of either name will repel the pole of the same 
name of another magnet. If the pole of one magnet of either name is 
brought near to the pole of a contrary name of another magnet, the two poles 
will mutually attract each other. 


5. By applying this law to all magnets, natural as well a; artificial, describe 
what would be the result on a magnetic bar or needle, freely suspended, but by 
weight or by the nature of its mounting constrained to preserve a horizontal 
position ; and what would be the result, if so mounted, but free te move in every 
direction, the earth being regarded as a natural magnet ? 

If the magnetic bar or needle can only move in a horizontal plane it will 
take up a position which will coincide with the directian of the magnetic 
meridian. 

If the magnetic bar or needle is free to move in any direction it will take 
up a position which will coincide with the magnetic meridian, and the north 
end would dip below the horizon in the north magnetic hemisphere and the 
south end in the south magnetic hemisphere. At the magnetic equator 
it would be horizontal and at the magnetic poles vertical. 


6. What is the cause of the variation of the compass P 


Variation of the compass is caused by the magnetic poles of the earth 
not coinciding with the geographical poles. 


7. What is meant by the deviation of the compass ? 

The deviation of the compass is the angle between the magnetic meridian 
and the direction of the compass needle and is caused by the iron of the ship, 
whether used in her construction and equipment, or in her as cargo. 


8. Whatis meant by the term“ local attraction” ; under what circumstances 
have ships’ compasses, from recent careful investigation, been found to be affected 
by it, and name some of the lecalities in different parts of the world where this 
disturbance ts to be found, and consequently where increased vigilance is 
necessary P : 

The term “‘ local attraction ’’ may be understood tomean any disturbance 
of the compass by the magnetism of objects external to the ship. The term 
has especial reference to the disturbance caused by the magnetism of the 
ground in certain localities. As the effects of magnetism are not cut off by 
the intervening water, a ship’s compasses may be affected in shallow water, 
though she may be at some distance from the land: The following places 
are given in the “ Admiralty Manual ’’ where, from well-authenticated 
observations, ships’ compasses have been found to be disturbed :— 
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The approaches to Cossack, in North Australia; Cape St. Francis, 
Labrador ; New Ireland and Bougainville, Solomon Islands ; and Tumbora 
Volcano, Sumbawa Island, near Java; the coasts of Madagascar, especially 
near St. Mary’s Island ; Iceland and its adjacent waters; Odessa Bay and 
the shoal south of it ; Isle de Los, West Coast of Africa. . 


g. What do you understand by the term ‘‘ soft” iron; and what are tts 
properties as regards acquiring and retaining magnetism ? 


The term “ soft” iron is applied to iron which becomes instantly mag- 
netised by induction from any magnetic force to which it is exposed, but 
which loses that magnetism, or changes its magnetic condition, when the 
inducing cause is removed or changed. 


10. What do you understand by the term “ hard” iron; and what are its 
properties as regards acquiring and retaining magnetism ? 


The term “ hard ” iron is applied to iron which is not easily magnetised 
by induction, but has the property of retaining the magnetism so acquired . 
more or Jess permanently. 


11. Describe the meaning of the term “‘ horizontal force’’ of the earth ; where 
is it the greatest, and where the least, and what effect has it in respect to the 
increase or decrease of the directive force of the compass needle ? 


The term “ horizontal force ”” means the horizontal component of the 
earth’s magnetic force. The earth’s force increases and is more inclined from 
the horizontal as the latitude is increased. The angle at which it is inclined 
is called the dip. The dip and the earth’s total force increase together, but 
in such a manner that the horizontal force diminishes as the magnetic poles 
are approached in both hemispheres. At the magnetic poles, the dip being 
go®, there is no horizontal force. If the magnetism in the compass needles 
remains the same, the directive force on the compass needle increases or 
decreases in proportion to the horizontal force. 


12. Does the magnetic equator coincide with the geographical equator ? If not, 
state clearly how it ts situated, 


The magnetic equator—a term applied to a line on the earth’s surface 
where its magnetic force is horizontal—does not coincide with the 
geographical equator. It intersects the latter in about 12° west longitude ; 
continuing the line to the eastward, it keeps in north latitude, going as high 
us 10°, and crosses into south latitude in about 170° west longitude. It 
attains its greatest south latitude (14°) in about 45° west longitude, and 
rejoins the equator in 12° west longitude. 


13. Where can the values of the magnetic dip, the earth’ s horizontal force, 
and tke variation, be found ? 

Charts showing the magnetic dip and horizontal force are to be found in 
the “ Admiralty Manual of the Deviation of the Compass.” The variation 
is accurately shown on the Admiralty variation chart, by carves: ol 
equal variation drawn to each degree. 





DEVIATION OF THE COMPASS 535 


14. State in what parts of the globe lying in the usual tracks of navigation 
the variation changes very rapidly, and what special precautions should be 
observed when navigating these localities; also why a“ variation”’ chartis then 
very useful. 


By the variation chart it will be seen that the variation changes very 
rapidly on the coasts of Newfoundland, the Gulf of and River St. Lawrence, 
the East Coast of North America, the coasts of Brazil, to the southward and 
eastward of Madagascar, off the S.W. part of Australia, and the English 
Channel and its approaches, 


In such localities, and in all cases where the ship’s course is at right 
angles to the curves of equal variation, the course must be carefully 
adjusted to the changing variation. For that purpose the chart of 
variation curves is especially useful. 


15. Why is a knowledge of the magnetic dip and the earth's horizontal force 
tmportant tn dealing with compass deviations ? 


Because the magnetism of the ship and its effects on the compass change 
when the dip and horizontal force change, and by knowing their values the 
changes can be calculated. 


16. Describe the meaning of the term “‘ vertical force’ of the earth 


where is tt the greatest and where the least ? 


By the term “ vertical force” is meant the vertical component of the 
earth’s magnetic force. It is greatest at the magnetic poles where the whole - 
force is vertical, and is zero at the magnetic equator where the whole force 
is horizontal. 


17. Would you expect a compass to be more seriously affected by any given 
disturbing force when near the magnetic equator, or near the poles? and state the 
reason, 


Any disturbing force must affect the compass least where the directive 
force on the needle is greatest. As the directive force on the needle depends 
on the horizontal force, which is greatest at the magnetic equator and zero 
at the poles, the effects of any disturbance on the needle must be least at the 
equator and greatest at the poles. 


18. State briefly (a) the essentials of an efficient compass ; and (b) what you 
would considcr a good arrangement of the needles (that is—whether long or short, 
single or double, &c.) with the view to good compensation, 


It is essential that the card should have the greatest possible magnetic 
power in its needles combined with the smallest possible weight in the whole 
card. The jewelled cap should be sound—that is, not worn nor cracked, 
and the pivot sharp and free from rust. If the card is placed on the pivot 
and deflected through a small angle from its position of rest, it should always 
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come back toexactly the same point. The card should be accurately divided 
and centred, and the point of the pivot should be in the same plane as the 
gimbals of the bowl. Standard compasses must be furnished with the 
means of taking the bearings of an object at any elevation, and of reading 
it off within a degree. When a compass is placed on board ship, the lubber 
line should be vertical and exactly in the fore-and-aft line from the centre 
of the card, and the bowl should swing freely in its gimbals. It is desirable 
that all compass bowls should be made of pure copper. 


In order that the ends of the needles should be the required distance 
from the soft iron correctors, and that the effects of the correcting magnets 
on them should be uniform, it is desirable that the needles should be short. 
This necessitates the use of two or more needles to get the requisite mag- 
netic power. By placing the needles parallel to each other, and an equal 
number on each side of the centre of the card, the space is free for the cap. 
Needles made of two laminz of steel are said to be stronger for the same 
weight than when in one piece. 


19. In stowing away spare compass cards or magnets how would you place 
them with regard to each other, or what might be the probable consequence ? 


Spare compass cards or magnets may be stowed over, or beside each 
other, or end on; but always with their unlike poles together. If poles 
of the same name are together they will probably weaken the magnetism 
of each other. 


20. State briefly the chief points to be considered when selecting a position 
for your compass on board ship, and what should be particularly guarded against ? 


The standard compass should be in the midship line, in a convenient 
position for constant watching by the officer of the watch, and comparing 
with the steering compass, and should have a clear view all round for taking 
bearings. It should not be less than five feet from iron of any kind, and the 
proximity of vertical iron, and of iron which is liable to be changed in posi- 
tion, such as davits, derricks, ventilating cowls, &c., should be particularly 
guarded against. When electric lighting is used, the position of the dynamo 
has also to be considered, as it may disturb a compass at a distance of fifty 
or sixty feet. 


Steering compasses must be so placed that the card can be clearly seen by 
the helmsman, and should be as far from any iron as circumstances will allow. 


21. What tis meant by transient induced magnetism P 


Transient induced magnetism is magnetism which is instantly produced 
in soft iron when it is exposed to any magnetic force, such as that of the 
earth, and is parted with or changed immediately the inducing force is 
removed or changed. The near poles of the induced magnetism and of the 
inducing cause are always of contrary names. 


22. Which is the red and which the blue pole of a mass of soft vertical iro 
(or indeed of any soft tron not in a horizontal position) by induction, and what 
effect would the upper and lower ends of it have ona compass needle in the 
northern hemisphere ? 


The red pole is at the lower end, and the blue pole is at the upper end, 
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therefore the upper end attracts the north end of the compass needle, and 
the lower end repels it, in the northern hemisphere. 


23. Which ts the ved and which the blue pole of a mass of soft vertical iron 
by induction, and what effec’ would the upper and lower ends of it have on the 
compass needle in the southern hemisphere ? 


The red pele ig at the upper end, and the blue pole is at the lower end, 
therefore the lower end attracts the north end of the compass needle, and 
the upper end repels it, in the southern hemisphere. 


24. Wha effect would a bar of soft vertical iron have on the compass needle 
on the magnetic equator ? 


It would have no effect. As the earth’s force is horizontal at magnetic 
equator, there could be no vertical induction, and therefore no disturbing 
force in the bar. 


25. Describe what is usually termed the sub-permanent* magnetism of an 
tron ship, and state when and how it is acquired, and which ts the sub-permanent 
red and which is the blue pole, and why it is called sub-permanent magnetism. 


The sub-permanent magnetism of an iron ship is first acquired from the 
earth's inductive influence while the ship is being built, but remains after she 
is launched, although it undergoes a considerable reduction, especially when 
she proceeds to sea or is subjected to concussion with her head in any other 
direction than it was when she was built. The red sub-permanent pole of the 
ship is that which was directed towards the blue or north magnetic pole of 
the earth, when building, and the opposite extremity of the ship is the blue 
sub-permanent pole. , 


It is termed sub-permanent magnetism to distinguish the magnetism 
which is thus acquired by a ship while building, from the magnetism of a 
magnetised steel bar, which is of a much more permanent character. 


26. What is meant by “ the composition of forces” and “ the parallelograsii 
of forces,’’ and show how the knowledge of these ts valuable in ascertaining and 
compensating the sub-permanent magnetism of an iron ship ? 


A force which is the effect of two or more forces is called their resultant, 
and each of these forces separately is called a component of such resuliant. 
The composition of forces is the method by which we find the resultant of 
{wo or more components. The resolution of forces is the means by which we 
separate each component from the resultant. Having observed the devia- 
tion of the compass with the ship's head in several directions, we employ a 
method for the resolution of forces to determine the value of co-efficients 
A,B,C, D,andE; and, having determined the value of these co-efficients, we 
make use of the composition of forces to ascertain the deviation of the com- 
pass while the ship’s head is in any direction. The resultant of two forces 
acting in the same line is either the sum or difference of the two. But if the 


* The term “ sub-permanent” magnetism in the syllabus is used in the original sense, 
as proposed by the late Sir G. B. Airy, to denote the character of the permanent magnetism 
of aniron ship as distinguished from the permanent magnetism of a magnetised steel bar. The 
terms “ sub-permanent ” and “ permanent" throughout the syllabus may, therefore, be 
considered as synonymous, 
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two forces act obliquely to each other, the parallelogram of forces must be 
employed in determining both the magnitude and direction of the resultant. 
For this purpose both forces must be represented in magnitude and in direc- 
tion by the adjacent sides of a parallelogram, and the diagonal will represent 
both the magnitude and the direction of the resultant. Unless a ship is 
built with her head on one of the magnetic cardinal points, the sub-permanent 
magnetism will be oblique to the fore-and-aft midship line. The compass 
adjuster therefore, following the instructions of the Astronomer-Royal, . 
resolves this force into two components, the force towards or from the bows 
by the co-efficient + B or — B, and that towards or from the starboard 
side by + C or —C. The former he compensates while the ship’s head is 
east or west magnetic by a fore-and-aft magnet, the latter by an athwart- 
ship magnet while her head is north or south. 


haps 27. Describe the nature of the co-cficients Band C plus (+), and minus (—) 
ot (P andthe different magnetic forces they represent; also wity they are said to produce 
semicircular deviations. 


I 
W 1é | The expression co-efficient B represents a magnetic force in the fore-and- 
: I aft line of theship. It has the sign + when the north point of the compass 
ee is attracted towards the ship’s head, and the sign — when the north point 
—f— ofthe compass is drawn towards the ship’s stern. Co-efficient C represents a 
+—~, magnetic force in the athwartship line. It has the sign + when the north 
(el j \ point of the compass is attracted towards the starboard side, and the sign — 
ay) when the north point of the compass is attracted towards the port side. 


* Gl B and C are termed co-efficients of semicircular deviation, because the 
~ deviation they represent is always easterly in one semicircle, and westerly 
in the other. 
Ww, 


C 28. Can semicircular deviations be produced by any other force than the 
= sub-permanent magnetism of the ship? If so, by what ? 

Yes, —, a semicircular deviation is produced by vertical induction when 

é, vertical iron is nearer to the compass in one direction in the ship than in:the 


opposite direction. 


D 29. On what poruts, by compass bearings of the ship’shead, does + B give 
+ westerly deviation, and on what points docs it give easterly ; also on what points 
v7—\ does — B give westerly, and on what points easterly ? 


v j 

y/ é + B gives westerly deviation with ship’s head in the westerly semicircle 
between north and south, and easterly in the easterly semicircle ; — B gives 
westerly deviation on the points of the compass where + B gives easterly, 
“YF, and casterly where + B gives westerly. 








fa 

7 30. On what points does + C give westerly deviation, and on what points 
easterly; also on what points does + C give westerly, and on what points 
easterly deviation ? 

7 - + C gives westerly deviation with ship's head in the southern semi- 

+% circle from cast to west, and easterly deviation in the northern semicircle ; 
— C gives westerly deviation with ship’ s head in the northern semicircle, and 
-asterly deviation in the southern semiciicle, 
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31. The value of either co-efficient B or C being given, also the magnetic 
direction of the ship's head while she was being built, determine by the traverse 
tables the approximate value of the other co-efficient C or B; and the value of 
both these co-efficients being given, determine approximately the direction by com- 
pass of the ship's head whilst being built, assuming, of course, that these co- 
efficicnts resulted altogether from sub-permanent magnetism. 


If B be given to find C, enter the traverse table, the course of which 
agrees with the angle between the magnetic meridian and the direction of 
the ship’s head while she was being built ; adjacent to the value of B in the 
““Jatitude ’’ column will be found that of C inthe “ departure’ column; or 
if C be given, C in the “‘ departure ”’ column will adjoin B in the “latitude” 
column ; but if Band Care given to find the direction of the ship’s head when 
she was being built, enter the traverse table in which the value of B in the 
“‘ latitude ’”’ column agrees with that of C as ‘departure ’’; the course will 
approximately give the angle between the magngtic_ meridian and the slip 
on which the ship was built. a7 - or Ciecrer~ 

See problems on compass deviation of pp. 555:6. Save tion ater 

ws ae. La Cae 5 

32. Would you expect the greatest disturbance of the needle from the effects 
of sub-permanent magnetism alone to take place when ship’s head is in same 
dircctionas when building, or when her head is at right angles to that direction ; 
and in what direction of the ship's head would you expect to find the least 
disturbance ? 





I should expect the greatest disturbance when the ship’s head is at right 
angles to the direction in which she was built, and the least disturbance when 
in the same direction in which she was built. In the former case the ship’s 
force is at right angles to the compass needle, and, in the latter case, in line 

- with it. 


33. Describe quadrantal deviation, and state what co-efficients represent tt ; 
also what points of the ship's head, by compass, each of these co-efficienis gives 
the greatest amount of deviation, and why Zt ts called quadrantal deviation ? 


Quadrantal deviation is produced by the induced magnetism of hori- 
zontal iron; it is represented by the co-efficients +- D and — Dand + Eand 
—E. Dgives the maximum deviation with the ship’s head N.E.,S.W.,N.W., 
and S.E. by compass. Co-efficient E gives the greatest deviation when the 
ship’s head bears N., S., E., or W. They are called quadrantal because the 
deviation produced by them is of a different name in successive quadrants. 


34. On what points of the compass will each of the co-efficients, D and E + 
and —, give easterly, and on what points westerly deviation ? 


+ D gives easterly deviation on the N.E. and S.W. quadrants, and 
westerly deviation on the N.W. and S.E. quadrants. — D gives westerly 
deviation in the quadrants where + D gives easterly deviation, and easterly 
deviation where + D gives westerly. + E gives easterty deviation in the 
northerly and southerly quadrants, and westerly in easterly and westerly 
quadrants. —- Egives westerly deviation in the quadrants where + E gives 
easterly deviation, and easterly deviation where ++ E gives westerly. 
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35. What conditions of the iron of a ship will produce + Dand what — D? 

Induction in continuous transverse iron, such as beams, produces + D; 
but when a beam is divided for any purpose,—D is produced in a compass 
placed between its divided parts. Induction in continuous fore-and-aft iron 
produces — D, but a compass placed between divided parts would have 
+D. 


36. State clearly, then, which end of horizontal iron running athwartship 
(such as beams, &c.), and of horizontal iron running fore-and-aft of a ship, 
acquires red and which blue polarity, by induction, when ship's headisat N.E., 
S.E., S.W., and N.W. respectively. 

When the ship’s head is N.E. the fore end of fore-and-aft iron acquires 
red polarity, and the after end blue; and the port end of athwartship iron 
acquires red polarity, and the starboard end blue. 

With head S.E. the fore end of fore-and-aft iron acquires blue polarity, 
and the after end red; and the port end of athwartship iron acquires red 
polarity, and the starboard end blue. 

With head S.W. the fore end of fore-and-aft iron acquires blue polarity, 
and the after end red; and the port end of athwartship iron acquires blue 
polarity, and the starboard end red. 

With head N.W., the fore end of fore-and-aft iron acquires red polarity. 
and the after end blue ; and the port end of athwartship iron acquires blue 
polarity, and the starboard end red. 


37. Describe the nature of the deviation represented by co-efficients + A and 
— A, and describe the errorsin the construction of the compass, and other causes, 
that frequently produce it. 

Co-efficient A represents a constant deviation—that is, a deviation of 
the same sign and amount on all points of the compass. It has the sign + 
when the deviation is easterly, and the sign — when westerly. Co-efficient 
A is sometimes produced by a certain unsymmetrical arrangement of iron, 
but more frequently from the poles of the needles not being parallel toa line 
drawn through the north and south points of the card, or from the lubber 
line being misplaced, or from an error in observing the magnetic bearing of 
the object on shore, or from an error in the estimated value of variation; 
also, in combination with E of the same sign and value, it is produced by 
magnetism induced and retained while the ship is being swung. If the cap 
or pivot is defective, there will be an A from the card being drawn round by 
friction in the direction in which the ship’s head is moving. 


38. What is the object of compensating the compass by magnets, &c., and 
what are the general advantages of a compensated compass over an uncom- 
pensated one ? 

The primary object is to equalize the directive force of the compass on 
all points and to reduce the deviation to the smallest possible amount. The 
advantages are that a small deviation is obviously more convenient for 
navigation than a large one ; also with a large deviation the directive force 
on the compass needle is proportionally diminished with the ship’s head on 


some points. 
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39. Before adjusting the compass of an iron ship, what is it desirable to do 
with the view to eliminating, as fay as possible, what may be termed the unstable 
part of the magnetism of the ship ? 


It is desirable to lay the ship with her head in the opposite direction to 
that in which she was built, 


40. Describe clearly the tentative method of compass adjustment (that is, the 
compensation of co-efficients B, C, and D, with ship upright) as generally 
practised by compass adjusters in ships of the mercantile marine. 


The D, presumed to be known or previously found, is first corrected by 
soft iron placed on each side of the binnacle. The ship's head is then 
placed in succession on any two adjacent cardinal points magnetic, and the 
deviation reduced to zero on those points by magnets placed fore-and-aft, 
and athwartships, thus correcting the B and C, 


42. State at what distance, as a general rule, the magnets and soft iron 
correctors should be placed from the compass needles, and what will be the con- 
sequence if they are placed too near the needles. 


Magnets should not be placed nearer the centre of the compass than 
twice the length of the magnets. Soft iron corrector should not be nearer 
the centre of the compass than one and a quarter times the length of the 
needles, 


If the magnets are placed too’near the compass needles, and the deviation 
is exactly corrected on the cardinal points, that correction will not be perfect 
on other points. The error would be greatest on the quadrantal points, 


If the quadrantal correctors are too near, the spheres would probably 
become magnetised by induction from the compass needles, and rendered 
useless as correctors. 


If the iron bar for correcting the induced part of B is too near, either end 
of the needle will be drawn towards the bar when in its vicinity, because the 
bar will be magnetised by induction from the compass needles. 


42, Is tt necessary that the magnets used for compensating co-efficients B 
and C should be placed on the deck? If not, state where they may also be placed, 
and the rules to be observed in placing them into position, 


It is not necessary that the magnets for correcting the semicircular 
deviation should be placed on the deck. The magnets for correcting the B 
must be horizontal, fore-and-aft, and the middle of the magnets in the same 
vertical athwartship plane as the centre of the compass. The magnets for 
correcting the C must be horizontal, athwartships, and the middle of the 
magnets in the same vertical fore-and-aft plane as the centre of the compass. 
If these conditions are fulfilled, the magnets may be placed inside or on the 
outside of the binnacle, or in any convenient place. In wheel houses it is 
sometimes convenient to place them on a near bulkhead. 
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43. Does the B found on board ship usually arise altogether from sub- 
permanent magnetism, or does part of it usually arise from some other cause or 
causes ? 


In the positions compasses are necessarily placed, part of the B is usually 
caused by magnetism induced by the earth's vertical force in vertical iron. 


44. Ifthe part of B due to induced magnetism in vertical soft tron, as well as 
the part due to sub-permanent magnetism, is corrected by a magnet alone, as is 
generally the case, what is frequenily the consequence on the ship changing her 
magnetic latitude and hemisphere ? 


If the whole B is corrected by magnets, + B or — B will probably appear 
as the ship goes to the northward or southward. Because the part of B 
depending on induction will increase as the ship goes from, and diminish 
as the ship goes towards the magnetic equator, and of reverse sign when the 
ship gets in the southern hemisphere. 


45. How should cach of these two parts of B then, strictly speaking, be com- 
pensated ? 


The part due to sub-permanent magnetism should be corrected by mag- 
nets, the part due to vertical induction by an upright bar of iron on the 
Opposite side to the disturbing force. 


46. Assuming, for the sake of clearness, that your steering compass is un- 
avoidably placed very near to the head of the stern-post (and other vertical iron 
al the stern), thereby causing a verv large — B frominduced magnetism ; des- 
cribe briefly any method by which the approximate position for the compensating 
vertical tron bar (Flinder’s or Rundell’ s) could be estimated in order to reduce the 
error, describe also how you would proceed, in order to improve, if not to perfect, 
its position after observations have been made on the magnetic equator. 


In the case mentioned a correcting bar would be required before the 
compass. In some cases the value of the part of B which is caused by 
vertical induction may be found approximately from the direction of ship's 
head while building, and the value of B and C found by observation. As the 
C in a compass placed amidships is generally caused by sub-permanent 
magnetism only, if the traverse table is entered with the direction of head 
when building asa course, and the Casa departure, the diff. lat. will represent 
the value of the sub-permanent part of B. It will have the same sign as the 
C when the ship was built with her head in the S.E. or N. W. quadrants, and the 
contrary sign to C when built with head in N.E. and S.W. quadrants. The 
difference between the B thus found, and that found by observation, will 
be the part due to induction, which should be corrected by a vertical bar. 
At the magnetic equator there can be no B from vertical induction, therefore 
the deviation of the uncorrected compass, with head east or west, is the B 
due to sub-permanent magnetism. If that is corrected by magnets, any B 
which appears as the ship leaves the equator will be due solely to vertical 
induction, and if that is corrected by a vertical bar, the B will be perfectly 
corrected for both induced and sub-permanent magnctism, 
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47. State tf standard compasses, as well as steering compasses, are generally 
subject to this disturbance from induced magnetism in vertical tron ; also whether 
the attraction in all cases is found to be towards the stern; and if not, state the 
conditions under which tt might be toward the bow, and how the compensating soft 
tron bar should then be placed. 

Standard compasses, from the position in which they are placed, are 
not generally so subject to disturbance from vertical induction as steering 
compasses, and the attraction is not always towards the stern, If the 
standard compass is near the funnel, and abaft it, the north point of the 
compass will be drawn towards the bow in the northern hemisphere, and the 
compensating bar should then be placed abaft the compass. 


48. Generally speaking, does the magnetism induced in vertical iron usually 
have any effect in producing the co-efficient C, ship upright, or is it generally 
produced by sub-permanent magnetism alone? State also your reasons for 
Saying so. 

Generally, when the compass is in the midship line, no part of the C is 
caused by vertical induction, but is caused by sub-permanent magnetism 
alone. Because the compass is at equal distance from the upper part of 
vertical iron of the ship’s frame on each side, and the attraction to one side 
which would cause a C is counteracted by the attraction to the other side. 


49. Provided the needles of your compass are not so long and powerful, and 
so near, as to cause the soft iron correctors to become mugnetised by induction, 
would the co-efficient D, if properly compensated as you have described (Ans. 40), 
be likely to remain so in all latitudes and both hemispheres? If so, state the 
reason why. 

If the correctors are not affected by the compass needles, the correction 
of the D will remain perfect in all magnetic latitudes. Because the D is 
caused by induction in the iron of the ship from the earth’s horizontal force, 
and the value of soft iron as a corrector depends upon the same force. There- 
fore the disturbing force and the correcting force vary together, and if once 
mudc equal they remain equal. 


50. Under what circumstances does the character of A and E so change as 
to render it desirable that these co-efficients should be disregarded or modified ? 


When a ship’s head is moving round, the north point of the compass 
stands a little from its proper position in the opposite direction to that in 
which the head is going. The error thus caused is greatest when the head 
is north or south, and least when east or west. The etfect on the co-efficients 
is to give + A and + E when the ship is swung to the left, and — A and — 
E when swung to the right, unless the ship’s head is steadied on each point. 
A and E may, therefore, be disregarded when small, as they should be in a 
standard compass. 


51. Supposing your compasses were allowed to remain uncompensated, ex- 
plain clearly what would be the probable changes (ship upright) in the deviations 
produced separately, by (1) the sub-permanent magnetism of the ship alone, (2) 
by the induced magnetism in vertical soft iron ; (a) on reaching the equator, (6) 
in the southern hemisphere. 

The deviation due to the sub-permanent magnetism would decrease as 
the ship approached the magnetic equator, would be least when on it, but 


544 DEVIATION OF THE COMPASS 


does not vanish, and would increase again as the ship receded from the 
equator into the southern magnetic hemisphere, still retaining the same 
name. The part due to induction in vertical seft iron decreases as the ship 
approaches the magnetic equator, where it is zero, and increases again as the 
ship goes into the southern magnetic hemisphere and is of an opposite name. 


52. Assuming you were able to arrive at the proper proportions to be corrected 
and were then to exactly compensate the sub-permanent magnetism of the ship by 
means of a permanent magnet, and the induced magnetism in vertical tron 
by a soft iron bar, would you expect any deviation to take place in your compass 
as the ship changed her latitude and hemisphere? And state yeur reasons for 
saying so. 

I should expect but little change in the deviation, especially in an old 
ship. Because the sub-permanent magnetism of the ship, being corrected 
by permanent magnets, the only change that could take place would be from 
the less permanent character of the ship’s magnetism. As the vertical induc- 
tion in the ship’s iron is compensated by vertical induction of the sameamount 
in the bar, both being magnetised by the same force, there can be no change 
from that cause. 


53. Supposing the co-efficient D from horizontal soft iron were allowed to 
remain uncompensated, would you, or would you not, expect the D to differ in 
name or amount on the ship changing hcr magnetic latitude and hemisphere ? 
And state the reason, 


I should not expect the D to change its name or amount. The directive 
force of the needle depends on the earth’s horizontal force, and the disturb- 
ing force causing the D depends on induction from the same force. There- 
fore, the pointing force of the needle and the disturbing force maintain the 
same relative value, and the amount of deflection produced by the latter 
remains the same. 


54. Describe how you would determine the deviation of your compass (1) 
by reciprocal bearings, (2) by figures on the dock walls, (3) by bearings of a distant 
object. 


To determine the deviation of a compass by reciprocal bearings, a compass 
should be placed on shore where there is no iron in the vicinity, and where 
it could be conveniently seen from the standard compass. As the ship is 
swung round, observe the bearing of the shore compass from the standard 
when the ship’s head is steady on each required point ; and, by signal, have 
the bearing of the standard taken by the shore compass at the same 
insiant. The difference between the bearing taken on board and the 
opposite of the shore bearing is the deviation. 


By figures on the dock wall. When they are available, as at Liverpool, 
the difference between the bearing of the object in the background by the 
standard compass, and the bearing marked on the wall exactly in line with 
the object at the same instant, is the error for any point the ship’s head may 
be on. Apply the variation and get the deviation. 


By bearing of distant object. When the magnetic bearing is known, 
the difference between itand the bearing observed by the standard, with head 
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on any point, is the deviation for that point. When the magnetic bearing is 
not known it may be taken from the chart, or it may be found by getting 
the difference of bearing between it and the sun, and applying that difference 
to the sun’s true bearing, computed or found from azimuth tables, and allow- 
ing the variation to find the magnetic bearing. 


55. Describe, in detail, how you would determine the deviation of your com- 
pass by the bearings of the sun. Also by a star or planet, 


To determine the deviation by bearings of the sun or other celestial 
object, the exact time must be noted and the bearing of the object taken, 
when the ship’s head is on each point. The true bearing of the object at 
each observation can be computed or found by azimuth tables. By apply- 
ing ¢he variation with its proper sign to the true bearing, the magnetic bearing 
is found. The difference between the magnetic bearing and the compass 
bearing is the deviation on each point. 


56. Describe the uses to which the Napier’s diagram can be applied, and tts 
special advantages. 


By Napier’s diagram, a complete table of deviation can be formed from 
observations made on a small number of points, and from observations made 
at irregular intervals round the compass. Its special advantage is the 
facilities it gives for converting compass courses or bearings into magnetic 
courses or bearings, and the reverse. 


57. Describe clearly how the Napier's diagram ts constructed. 


(Refer to Curve in Section, Napier’s diagram, p. 341.) 


58. For accuracy, what is the least number of points to which the ship's 
head should be brought for constructing a complete curve of deviations, or a 
complete table of deviations ? 

For an accurate table the deviation must be obtained with the ship’s 
head on the four cardinal points and on the four intermediate or quadrantal 
points, 


59. Nearing land, and being anxious to check your deviations on a few 
courses you may probably require to stcer, what ts the least number of points it 
would be necessary to steady the ship's head upon, if making use of a Napier’s 
diagram, in order to ascertain the deviation on each of the points, say in a 
quadrant of the compass ? and describe clearly how you would do this at sea. 


If the deviation is small, probably an observation on the course, and on 
the fourth point on each side of it, will be sufficient ; but it is preferable 
to take every alternate point. 


60. Supposing you have no means of ascertaining the magnetic bearing 
of the distant object when swinging your ship for deviations, how could you find 
at, approximately, from equi-distant compass bearings ; and how far, asa rule, 
should the object be from the ship when swinging, or steaming rownd ? 
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The magnetic bearing may be found approximately by taking the mean 
of four or more bearings taken with head on equi-distant points; the mean 
ot bearings with head on the cardinal points gives a good result if the ship is 
upright, otherwise the mean of the bearings with head East and West is 
Detter, as there would be no heeling error on those points. 


When using a distant mark, it should be so far away that the radius of 
the circle, along the circumference of which the standard compass moves 
as the ship goes round, subtends a smaller angle than is of practical conse- 
quence innavigating. Using the traverse table, taking 1° as a course, and 
the distance of the object as a distance, the length of the radius which will 
cause 1° of error in the bearing will be the departure. 


61. Having taken the foliowing equt-distant compass bearings of a distant 
object, find the object’s magnetic bearings, and thence the deviations :— 


(See Answer to Question 11, page 522.) 


62, Assuming the deviations observed with ship's head by compass to be as 
follows [or as in question 61, whichever may be givcny, determine the value of 
the co-efficients A, B, C, D, and E, and from them construct a complete table of 
deviations (or for as many points as the Examiner may direct). 

See p. 558. 


63. When swinging your ship, if it be required to construct deviation tables 
for two or more compasses situated in different parts of the vessel, describe the 
process, and how you would employ the Napier's diagram for this purpose. 


Note the direction of head by each compass, at the same instant that the 
deviation is observed at the standard. Find the magnetic direction of head 
at each observation, by allowing the observed deviation to the direction 
of head by standard. By comparing the magnetic direction of head thus 
found, with the noted direction of head by each compass, its deviation may 
be found at irregular intervals round the compass. If the deviation for each 
compass is plotted on the diagram and the curve drawn, the deviation both 
for the compass points and the magnetic points can be obtained. 


64. State your rule for determining whether deviation ts easterly or westerly. 


If the magnetic bearing be to the right of the compass bearing the devia- 
tion it is easterly, but if it be to the left it is westerly. 


65. Is a knowledge of the value of the various co-efficients of any advantage ? 
If so, state why. 


A knowledge of the value of the various co-efticients is of advantage, 
because by their means the whole effect of the ship's magnetism in causing 
deviation at any particular compass can be expressed, and the parts due to 
the several forces defined in five terms of which two are generally zero, Also 
a table of deviation can be computed from any given co-efficients, 
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66. Describe (a) what is commonly known by the term“ retentive” or 
“ retained’ magnetism, and how the ship acquires 1t when in port and at sea ; 
(b) its effect on the compass needle whilst ship's head continues in the same direc- 
tion; (c) the immediate consequence when the direction of the ship's head is 
altered ; and (d) the special precautions to be invariably observed at sea on the 
alteration of the ship's course. 


Retentive is a term applied to magnetism of a more transient character 
than that termed sub-permanent, It presents itself when a vessel has been 
kept for some time in one direction, either in port or at sea, especially if 
during that time she has been subjected to strains or shocks. She thus 
acquires magnetism by induction from the earth, which, without being 
permanent, may remain for some time. As the earth’s force induces blue 
magnetism towards the south, and red magnetism towards the north, it 
causes no deviation while the ship remains on the same course, but a small 
diminution of the directive force on the needle. When the course is altered 
the needle will be drawn towards that part of the ship which had been 
previously south. This is especially the case when a ship has been steering 
near east or west, and the course is altered to near north or south. The 
deviation should always be observed and watched when the course is 
changed, and when the deviation cannot be observed the possible error in 
the course from retentive magnetism should be guarded against. 


67. Describe a‘ dumb-card’”’ or “ Pelorus,” and its use (a) in compensating 
@ compass, (b) in determining the deviation. 


The ‘‘ dumb-card ” or “‘ Pelorus’”’ consists of a circular plate of metal, 
graduated like a compass card, and so gimballed that it may be revolved 
round a central pivot, in a horizontal plane. Adjacent to the circumference 
is a mark, similar to the lubber line of a compass, It is fitted with sight- 
vanes, shades, and reflector, for taking bearings. 


To Compensate the Compass 


Clamp the sight-vanes at the known magnetic bearing of the sun or other 
celestial object, then clamp the required point at the lubber line of the 
Pelorus and swing the ship until the object is seen through the sight-vanes, 
when her head will be in the magnetic direction shown at the lubber line of 
the Pelorus; the magnets can then be moved until the compass shows the 
ship's head to be in the same direction as that shown by the Pelorus, 


The lubber line of the instrument having been fixed parallel to the fore- 
and-aft midship line of the ship, screw the sight-vanes to the card at the 
known magnetic bearing of the distant object ; then, on turning the card 
with sight-vanes to the object the bearing of the ship’s head correct 
magnetic will be found opposite the lubber line; the difference between the 
magnetic direction as shown by Pelorus and the direction as shown by 
compass will be the deviation for that point. 


68. If you determine the deviation by an azimuth or an amplitude of a 
heavenly body, it is then combined with variation, which together is sometimes 
called the correction for the compass, State when the deviation is the difference 
between the variation and the correction, and when the sum; and when tt is. 
of the same name as that of the correction, and when of the contrary name. 


JT2 
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When the correction and the variation are of the same name, their 
difference is the deviation. If the correction is greater than the variation, 
the deviation takes the name of both. But when the correction is less, the 
deviation takes the opposite name. When the correction and the variation 
are of different names, the deviation is their sum, and is east when the cor- 
rection is east, and west when the correction is west. 


69. In observing azimuths of heavenly bodies, the best method is by “‘ time 
azimuths,” since these can be observed without any altitude when the ship is in 
port, or when the horizon cannot be dcfincd from any cause. Given the sun's 
declination, the hour of the day, and the latitude, to find the true bearing of the 
sun.* See problems, p. 561. 


70. By night, if it be desirable to observe the correction of the compass. 
Given the day of the year, and time at ship, also the latitude of the place, to 
determine what stars will be in good position for this purpose. 

See problems, p. 562. 


91. If your correcting magnets are so mounted-that their positions can be 
altered, describe the process by which, on open sea, you can place the ship's head 
correct magnetic N, (or S.), and correct magnetic E. (or W.), and can make the 
correction perfect, 

The correct magnetic bearing of a heavenly body having been previously 
computed for the time the correction is to be made, fix the cardinal point 
to which the ship’s head is to be brought to the lubber line of a dumb-card, 
placed as before directed in answer to question 67 ; then screw the sight- 
vanes to the card at the computed bearing of the heavenly body, and swing 
the ship till the sights are directed to the body. An azimuth compass with 
its card stopped at the cardinal point may be used instead of a dumb-card. 


72. Given the name of a star, the time, the place of ship, the variation 
of the compass, and the bearing of the star by compass. Determine the deviation, 
and name tt east or west. 

See problems, p. 563. 


73. Would you expect any change to be caused tn the error of your compass 
by the ship heeling over either from the effect of the wind or the cargo ? 


Yes, because when a ship heels a magnetic force previously vertical may 
be no longer so, and the position of the iron about a compass may be so 
changed with reference to the earth’s magnetic force, that new forces may 
arise from induction. 


74. Describe clearly the three principal causes of the heeling error on board 
an tron ship. 

The three principal causes of the heeling error are vertical induction 
in transverse iron, induction in iron vertical to the ship’s deck, and the 
vertical component of the sub-permanent magnetism. The part arising 


* The process of finding time azimuths by the ordinary formule of spherical trigonometry 
is tedious. and since on board an iron ship these observations should be often repeated, the 
candidate will be allowed to use any table or graphic or linear method that will solve the problem 
within a haif of a degree. the alutude of the heavenly body not being given. 
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from vertical induction in transverse iron is due to the fact that such iron 
as beams, by departing from the horizontal position and inclining to the 
vertical as the ship heels, acquires polarity in its ends by induction from the 
earth, of the same sign as that of vertical irom in that hemisphere. This 
polarity tends to draw the north point of the compass to one side or the other, 


The part arising from induction in iron vertical to the ship’s deck is due 
to the fact that such iron is not vertical to the earth when the shiz heels. 
The amouut of magnetism induced therein is iess in quantity, but by the 
poles becoming on one side of the compass instead of vertically under it, 
the north pcint is drawn to one side or the other. 


The part arising from ihe vertical component of the ship’s sub-permanent 
magnetism arises from the fact that, although the force remains the same 
in amount, it becomes on one side or the other as the ship heels, and so deflects 


the compass needle. 


75. Towards which side of the ship would that part of magnetism induced 
tn continuous transverse iron (which was horizontal while ship was upright) 
help to draw the north point of the needle when ship heels over (a) in the northern 
hemisphere, (b) in the southern hemisphere ? 


The north point of the needle would be drawn towards the windward 
or high side in the northern hemisphere, and towards the low side in the 
southern hemisphere. 


76. Supposing the compass were placed between the two parts of a divided 
beam or other athwartship tron, towards which side of the ship would iron so 
situated help to draw the north point of the needle when ship heels over (a) in the 
northern hemisphere, (b) in the southern hemisphere ? 


In the case of divided athwartship iron, the poles beside the compass 
would have contrary polarity to those of the undivided iron of the previous 
question. Therefore the north point of the needle would be drawn to the 
low side in the northern hemisphere, and to the high side in the southern 
hemisphere. 


77. Would you expect that part of the magnetism induced in iron exactly 
perpendicular to the ship's deck, such as stanchions, bulkheads, &c., if below 
the compass, to cause any part of the heeling error when ship heels over, and tf 
so, towards which side of the ship (a) in the northern hemisphere, (b) in the 
southern hemisphere 

Yes, for the reason stated in answer to question 74. The north point 
of the compass will be drawn to the weather or high side in the northern 
hemisphere, and to the low side in the southern hemisphere, when the ship 
heels. 


78. Lf an ordinary standard compass placed higher than the iron top sides be 
compensated whilst the ship is upright, what co-efficient will be affected by 
heeling ? ; 

Co-efficient C. 
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79. Under what conditions (that ts, as regards position whilst building and 
the arrangement of iron in the ship) ts the north point of the coipass needle 
usually drawn to windward, or the high side of the ship, in the northern hesmi- 
sphere ? 


In the northern hemisphere, if a ship is built head to the northward, and 
the compass is placed aft, the north point of the compass needle will be 
drawn downward by sub-permanent magnetism; this downward force, 
when the ship heels over, becomes in part a horizontal force to the high side ; 
also, if the beams extend across the ship they will tend to draw the 
needle to the high side. If the compass is placed forward the downward 
force is much diminished. 


80. Under what conditions, asa rule, is the north point of the compass needle 
usually drawn to leeward, or the low side of the ship, in the northern hemisphere ? 


In the northern hemisphere, if a ship is built with head to the southward, 
and the compass is aft, the north point of the needle will be pushed upward 
by sub-permanent magnetism; if the compass is forward this force is 
diminished. The upward force in the ship becomes in part a horizontal 
force when the ship heels, drawing the north point of the compass to the low 
side. Also if the transverse beams were divided and the compass placed 
between the divided ends the north point of the compass would be repelled 
to the low side when the ship heeled over. 


81. State to which side of the ship, in the majority of cases, is the north poiut 
of the compass drawn when ship heels over in the northern hemisphere, and when 
thiststhe case, and itis not allowed for, what effect has it onthe assumed position 
of the ship when she is steering on northerly, and also on southerly courses? 


In the majority of cases the north point of the needle is drawn to the 
weather or high side in the northern hemisphere. When this is the case 
and it is not allowed for, a ship will be found to windward of her assumed 
position when steering to the northward, and to leeward when steering to the 
southward. 


82. On what courses would you keep away, and on what courses would you 
keep closer to the wind in both the northern and southern hemispheres in order 
to make good a given compass course (a) when north point of compass is drawn to 
windward, or the high side of ship, and (b) when drawn to leeward or the low side? 


When the north point is drawn to windward, keep away on northerly 
courses, and closer to the wind on southerly courses. When the north 
point is drawn to leeward, keep away on southerly courses, and closer to the 
wind on northerly courses. 


83. If a ship ts beating to windward ; when she tacks, under what circum- 
stances will the heeling error retain the same name, and under what circum- 
stances will it take the contrary name ? 


When a ship is beating to windward the error will retain the same name—- 
if on one tack her head is northerly and on the other tack southerly ; but 
if on both tacks her head is either northerly or southerly, the deviation will 
be easterly on one tack and westerly on the other. 
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84. If a ship is placed on the opposite tack by the change of wind, the ship's 
course being the same by compass, will the heeling error change its name ?P 


In such a case the name of the heeling error will change. 


85. In which direction of the ship’s head does the heeling error attain is 
maximum value, and in which direction does it generally vanish ? 


The heeling error attains its maximum value when the ship’s head is 
north or south, and it generally vanishes when the ship’s head is east or 
west ; because in the first case the disturbing force is at right angles tothe 
compass needle, and in the Jatter case in line with it. 


86. Explain clearly how that part of the heeling erroy due to the permanent 
part of the magnetism of the ship varies as the ship changes her geographical 
position, and what isthe reason of this ? 


That part of the heeling due to the permanent part of the ship’s magnetism 
decreases as the ship approaches the magnetic equator, but does not vanish, 
and increases as she recedes from the magnetic equator into the southern 
hemisphere, still retaining the same name, This is due to the permanent 
magnetism being always of the same amount, but the horizontal directive 
force of the compass needle is greatest on the magnetic equator and least at 
the poles, therefore the heeling error must be greatest in high latitudes and 
least on the magnetic equator: It varies inversely as the horizontal force. 


87. Explain clearly how that part of the heeling error due to the induction 
in transverse tron (which was horizontal when ship was upright), and tron 
vertical to the ship's deck, varies as the ship changes her geographical position. 


When the ship heels, the upper ends of transverse iron, such as beams, 
acquire by induction magnetism of the same name as the upper ends of iron 
vertical to the deck, both being of the same name as the magnetism of the 
earth in each hemisphere. The amount of magnetism induced varies as the 
earth’s vertical force, which is zero about the magnetic equator, and increases 
in both hemispheres going from the equator. Therefore, induced magnetism 
must draw the north point of the compass to the high side in the northern 
hemisphere, and to the low side in the southern hemisphere, in an increasing 
amount as the ship goes away from the equator. The heeling error from 
vertical induction varies as the tangent of the dip. 
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88. What, then, would be the probable nature of the heeling error, thai is, 
whether to high ov low side of the ship, and whether the error would be equal to 
the sum or difference, &c., of the forces given (x) tn high north latitudes, (2) on 
magnetic equator, (3) in high south latitudes ? Assuming the polarity of the 
sub-permanent magnetism of the ship under, and affecting, the compass, to be as 
given below ; the vertical induction in soft iron, of course, obeying the ordinary 
laws in the above geographical positions (1), (2), (3). 


(a) Incases where the effect of red vertical sub-permanent magnetism is equal 
to that of the vertical induction in the soft iron of the ship. 

In high north latitude, no heeling error, it depending on the difference 
of the forces given. On the equator, heeling error from sub-permanent 
magnetism only, drawing north point towards low side. In high south 
latitude, north point drawn towards low side by the surn of the forces given. 


(b) Where the effect of red vertical sub-permanent magnetism is greater 
than that of the vertical induction in the soft iron. 

In high north latitude, north point drawn towards low side by the 
difference in the forces given. On the equator, north point drawn towards 
low side by sub-permanent magnetism only. In high south latitude, north 
point drawn towards low side by sum of forces given. 


(c) Where the effect of red vertical sub-permanent magnetism is less than 
that of the vertical induction in the soft iron. 

In high north latitude, north point drawn towards high side by difference 
of forces given. On the equator, north point drawn towards low side by 
sub-permanent magnctism only. In high south latitude, north point drawn 
towards low side by sum of forces given. 


(a) Where the effect of blue vertical sub-pcrmanent magnetism is equal to 
that of the vertical induction in the soft iron, . 

In high north latitude, north point drawn to high side by the sum of 
the forces given On the equator, north point to high side by sub-permanent 
magnetism only. In high south latitude, no heeling error, it depending 
on the difference of the forces given. 


(ec) Where the effect of blue vertical sub-permanent magnetism is greater 
than that of the vertical induciion 11 the soft tron, 

In high north latitude, north point drawn towards high side by the sum 
of the forces given. On the equator, north point to high side by sub-per- 
manent magnetism only. In high south latitude, north point is drawn to 
high side by the difference of the forces given. 


(f) Where the effect of blue vertical sub-permanent magnetism is less than 
that of the vertical induction in the soft iron. 

In high north latitude, north point is drawn towards the high side by 
the sum of the forces given. On the equator, the north point is drawn 
towards the high side by sub-permanent magnetism only. In high south 
latitude, the north point is drawn towards the low side by the difference 


of the forces given. 
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89. Can the heeling error be compensated ? If so, state the means to be 
employed, and how the compensation may be effected. 

The heeling error can be compensated. The means employed is to place 
a magnet vertically under the centre of the compass, with the upper end so 
near to the needles as to counteract the ship's vertical force, whether arising 
from sub-permanent magnetism or from induction in vertical iron. The 


-dipping needle is taken on shore in a place free from local attraction, and 


made to assume a horizontal position by means of a small sliding weight ; 
it is then brought on board and put in the exact position which the compass 
is to occupy, with the ship's head east magnetic (although the direction 
makes very little difference) ; then, if the north end dips down, the north 
end of the vertical magnet is placed uppermost, but if the north end is 
repelled upwards the south end of the vertical magnet is placed uppermost 
to draw it back to the horizontal. ‘ 

Method II.—By placing the ship’s head north or south, and heeling the 
ship and observing to which side the north end of the compass is drawn ; if 
it is drawn to the high side, place the vertical magnet ‘‘ red end up’’ and 
move it to and fro until the ship's head is north or south by compass ; if it is 
drawn to the lee side place the magnet blue end up. 


go. Can the compensation of the heeling error be depended on in every 
latitude? If not, state the reason. : 

Compensation of the heeling error cannot be depended on when the 
ship changes her latitude, because part of it is due to induction in transverse 
and vertical iron. This part decreases as the ship approaches the magnetic 
equator, where it is zero, and is of contrary names in the two hemispheres. 
It is impossible that this can be compensated by a fixed magnet, which is 
the usual practice, except for the place where the ship is, and for places 
where the induced magnetism will be the same. 


g1. Do the soft iron correctors used for compensating the co-efficient + D 
have any effect on the compass needle when the ship heels over, and tf so, do 
they draw the needle towards the low or the high side of the ship, and do they 
counteract, or otherwise, the effect produced by the vertical induction in the soft 
tron ; (a) in the northern hemisphere, (b) in the southern hemisphere ; and what 
¢s the reason of this ? 

The soft iron correctors for + D have the same effect as the divided 
beam mentioned in question 76, They draw the north point of the com- 
pass towards the low side in the northern hemisphere, and towards the high 
side in the southern hemisphere. Thus they tend to correct the effecis 
of vertical induction in both hemispheres. 


92. Given the heel, the direction of the ship's head by compass, and the 
heeling error observed, to find the approximate heeling error, with a greater or less 
given heel, and with the ship's head on some other named point of the compass, 
the ship’s magnetic latitude being in both cases the same. 

When the heeling error has been observed, it is desirable to reduce it 
to the error for 10° heel, when the ship’s head is north or south by compass. 
This can be effected, first, by placing a cypher to the right of the heeling error 
observed, and dividing by the number of degrees the ship was heeling: this 
will give the error for ro° heel with the ship’s head in the same direction. 
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Next, with this as ‘‘ difference of latitude,” enter the traverse table in which 
the course agrees with the number of degrees the ship’s head was from the 
north or south when the error was observed, and the “ distance ’”’ adjacent 
will be the error for 10° heel when the ship’s head is north or south, anda 
record of this should beretained. Then, by the inverse process, we can find 
the approximate error for any number of degrees heel with the ship’s head 
in any direction while she is in the same magnetic latitude. If it is recorded 
that 18° 5’ is the heeling error for 10°, when the ship’s head is north, then, 
with the ship’s head N. 20° E., if she heeled 6°, to ascertain the heeling error 
we multiply 18° 5’ by 6, and remove the decimal point one figure to your left : 
this gives 11° 1’, the error if her head had been north. With this enter 
a traverse table for a course of 20°, and adjacent to “ distance ’’ 11° x’ will be 
found 10° 4’ as “ difference of latitude,’’ which is the number of degrees 
error for 6° heel with the ship’s head N. 20° E. See problems, p. 565. 


93. Describe any instrument to show the ship's heel (generally called a 
clinometer), and state how and where it should be fixed. 

A clinometer consists of an arc correctly divided, and the degrees num- 
bered both to the right and left of the vertical line which passes through its 
centre when the ship is upright, and at which is suspended an index weighted 
so as to be at all times perpendicular, with a point showing on the arc the 
number of degrees the ship is heeling. This instrument should be fixed in 
a place convenient for inspection, in the centre of an athwartship bulkhead. 


94. Should the clinometer be observed when the ship is swung to determine 
the deviation when the shipis upright ? If so, staie the reason why. 

Yes ; otherwise the heeling error would be combined with the deviation. 
The clinometer should also be carefully observed when compensation by the 
athwartship magnet is made. If the ship is then heeling. this part o: the 
compensation should be regarded as unsatisfactory, and a readjustment 
should be effected as soon as the ship’s head could be brought north or souih 
magnetic with the clinometer at zero (0), When, however, the fore-and-aft 
magnets are placed, the clinometer may be disregarded. 


95. Would you expect the table of deviations supplied by the compass adjuster 
from observations made in swinging the ship to remain good during the voyage, or 
would you expect the deviations to change ? If so. state under what circumsiances. 

I should expect the deviation to change. First, from lapse of time, 
especially in a new ship, especially when she is kept or steered in a direction 
opposite to that in which she was built. The deviation may also be expected 
to change with change of geographical position, from sustaining strains 
from heavy seas, or shocks such as from a collision. Ifa ship is steered for 
some time on one course, especially if near the east or west points, when the 
course is altered the north point of the compass may be drawn to that part 
of the ship which was previously towards the south. 


96. Is it desirable that a record of your observations Jor deviations should be 
kept as a guide for any subsequent voyage tn case the ship should be in the same 
locality, or for fare ee of the compass ? If so, describe some suitable 

‘orm for keeping such recora. ma 
i ae a sss Beaute to keep a record of the deviation of the compass 
at all times. A good form is to have a page or opening of a book for each 
point of the compass, So that all the observations made on any point may be 
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seen at once. At the same time, the date, apparent time, latitude and 
longitude, true bearing of object, variation allowed, heel of ship, and any 
circumstance that may affect the value of the observation should be recorded. 
By these means an accurate course can generally be shaped when observa- 
tions cannot be obtained; also, the position and amount of vertical soft- 
iron bar required to perfect the correction of the compass can be subse- 


quently found. 

97. Would you, under any circumstances, consider it a safe and proper pro- 
cedure to place implicit confidence in your compasses, however skilfully they 
may have been adjusted ? If not, what precautions is it your duty to take at all 
times ? 


Under no circumstances is it safe to place implicit confidence in the 
compasses, however closely they may have been adjusted. It is an essential 
duty to watch and record the deviation at all times, and when observations 
cannot be obtained, to take precautions to guard against the effects of 
possible compass error. 


PROBLEMS FOR Compass DEVIATION CERTIFICATES AND MasTER ExTRA 


31 (a). Ship's head while buuding N. 20° E, magnetic, and co-efficient 
— B11%7. Required co-efficient C with its proper sign assuming both 
co-efficients to be due to sub-permanent magnetism. 


In the right-angled triangle A F C, Fig. x, given side— Band Z A, to 
find side + C. 


By CALCULATION, 


Formula— 
Cc 
EB Tan 7 A 
~, C=B xX Tan ZA 


—Bir™7 = Log. 1068180 
26° = Tan. 9688182 


+€ 5%7 Log. 0°756368 





By INSPECTION 


With 26° as course and co-efficient —- B 11°-7 in lat. col. in Traverse 
Table, Norie’s Tables, will give co-efficient + U 5°-7 in dep. col. 


The circle represents the magnetic compass, N A S the magnetic meridian, 
Z A X direction of ship’s head when building, A F, co-efficient B, F G, co- 


-efficient C. 





556 DEVIATION OF THE COMPASS 


31 (b). Given co-efficient + B 162 and co-efficient + C rr°-8, to find 
the direction of ship’s head while building, assuming both B and C to arise 
from sub-permanent magnetism. 


In the right-angled triangle A F G, Fig. 2, given the sides + Band +C, 
to find Z A. 


By CALcuLaTION 


Formula— 
e = Co-tangent A 


+ B 16%2 Log. r1-2095I5 
+ C 11°58 Log. 1-071882 


S. 36%4 E. Cot. 10°137633 





Fig 2. 


Direction of ship’s head while building, S. 36°-¢ E. South because B 
is +, and East because C is +. 


By INSPECTION 
. B16%2 ind. lat. col. and C 12z°-8 in dep. col. give S. 36° E. in Traverse 
Table. 


The circle represents the magnetic compass, N A S the magnetic meridian, 
Z A X direction of ship’s head when building, A F, co-efficient B, and G F, 
co-efficient C. 

When the ship is built with her head north or south magnetic, there 
will be no co-efficient C, and when her head while building was east or west 
magnetic there will be no cvu-efficient B. 


With a + B her head was in the Southern semicircle while building. 


Witha —B ss oo Northern vs Pe 
Witha + C Ph ” Eastern é 3 
Witha —C <5 ms Western a se 
+ Band no C, head South while building. 

—B , , € , North ,, s 

+C wy» + B ,, East ” ” 

—Cc oe B o” West ” ” 


Examples for Practice 
zr. Ship's head while building S. 30° W. magnetic, and co-efficient + C x0°. 
Required co-efficient B with its proper sign, assuming both co-efficients to 


tism. 
be due to sub-permanent magne 3 
Ans. Co-efficient B 17°3 +- 
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2. Given co-efficient — B 10°6 and co-efficient — C 14°°6: to find the 
magnetic direction of ship's head while building, assuming both co-efficients 
to be due to sub-permanent magnetism. 

Ans. N. 54° W. magnetic. 


3. Ship's head while building, East magnetic, and co-efficient + C 21°. 
Required co-efficient B. 
Ans. Co-efficient B nil. 


4 Given co-efficient — C 20° and co-efficient B nil. Required direction 
of ship’s head while building. é 
Ans. Ship’s head West magnetic. 


62. Assuming the deviations observed with ship's head by compass to be as 
follows (or as in question 61, whichever may be given), determine the value of the 
co-efficients A, B, C, D, and E, and from them ccnstruct a complete table of 
deviations (or for as many points as the Examiner may direct). 


North — 7° 10’ South + 2° 10’ 
N.E. ——1r 15 S.W. + 20 § 
East — 18 20 West + £17 20 
SE. — 16 29 N.W. + 2 

— sign = westerly dev. + sign = easterly dev. 


Determination of the Co-efficients A, B, C, D, E. 
2. To find the value of A, add together algebraically the four deviations 
determined, with the ship’s head on the cardinal points by compass, and 
divide the sum by four, and the result will be the value of A. 








North — 7° ro’ South + 2° ro’ 
East — 18 20 West + 17 20 
— 25 30 + Ig 30 

+ 19 30 

4) 6 0 

A=— I 30 


To find B add together the deviation observed with the ship's head 
east and west by compass, reversing the sign of the latter, and half the sum 
will be the value of B. 


East — 18° 20’ 





West —- 17 20 sign reversed 
sum — 35 40 
dy sum —17 50 =B 


To find C add together the deviation observed when ship’s head was 
north and south by compass, while the ship is upright, reversing tbe sign of 
the latter, and half the sum will be the value of C. 

North — 7° ro’ 
South — 2. ro sign reversed 
sum — 9 20 


+ sum — 4 goa 
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To find D add together the deviation observed with ship’s head 
N.E., S.W., S.E., and N.W., by compass, reversing the signs of the last- 
named two, and divide the sum by four. 





N.E. — 11° 45’ S.W. +4- 20° 5° 
N.W. — 2. gsign reversed S.E. + 16 29 sign reversed 
13 54 + 36 34 
1334 
4) 22 40 
+ 5 40=D 


To find E add together the deviations when ship’s head was north 
and south, and those observed when east and west, reversing the signs of 
the last-named two, and divide the sum by four. 








North — 7° 10’ South + 2° ro’ 

West — 17 20sign reversed East + 18 20 sign reversed 
— 24 30 + 20 30 
+ 20 30 








Construction of a Deviation Table for all Bearings, by use of the 
Co-efficients A, B, C, D, E. 

The co-efficients being given, a table of deviations may be con- 
structed for every point of the compass, by finding the deviation due from 
each co-efficient, with the ship’s head by compass towards either or each 
point that is thought necessary. For this purpose co-efficient A with its 
sign, being a constant quantity, is the same on each point of the compass. 


To determine the deviation due from B with the ship's head on any 
given point, reduce the minutes to tenths of a degree by dividing them by 
six, and placing this to the right of the number of degrees we have the 
number of tenths. Co-efficient B in the table of deviations given is 
— 17° 50’, and is therefore approximately — 178 tenths of a degree. Enter 
the Traverse Table with the tenths of a degree in the distance column, 
and the given number cf points from the north or south by compass at 
the top or bottom of the table, and the corresponding departure will be 
the number of tenths of a degree due to B when the ship’s head is on the 
given point. To determine whether it should be easterly or westerly, the 
sign will be the same as that of the co-efficient, if the given point is east of 
north or south, but if west it must have the contrary sign. If we desire, 
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to know the deviation represented by B with ship’s head by compass 
N.N.E., we enter traverse table with 178 in the distance column, and two 
points at the top; the departure, 68 tenths of a degree = 6° 48’, is the - 
deviation required on this point, and is — 6° 48’, having the same sign as 
the co-efficient, according to the above rule. 


In the same manner the value from C on any given point may be 
determined with this difference, that the deviation due from C must be 
taken out from the latitude column, instead of that of the departure, as in 
the case of B, and it has the same sign as the co-efficient if north of the east 
and west points, but a contrary sign if south of these points. The co-efficient 
C is — 4° 40’ = 47 tenths of a degree nearly; this at N.N.E. gives in 
latitude column 43 tenths or — 4° 18’, having the same sign as the co- 
efficient, because the ship’s head is in the northern semi-circle. 


To determine the deviation due to D for any given point, with this 
co-eflicient reduced to tenths of a degree, enter the table as before described, 
but at top or bottom with twice the number of points that the ship’s head 
is from either of the cardinal points, and the departure will give the number 
of tenths of a degree due to D. This will have the same sign as the co- 
efficient in the quadrants from north to east, and from south to west, but a 
contrary sign from east to south and from west to north. Thus the co- 
elfcient D being + 5° 40’ = 57 tenths at N.N.E., being two points from 
north, we enter traverse table with four points at the top, and distance 57 
tenths ; the departure will give 40 tenths = + 4°, having the same sign as 
the co-efficient according to the above rule. 


In Jike manner we find the value of E, only the result must be taken 
from the latitude column, instead of that of the departure. In the quad- 
rants between N.E. and N.W., or S.E. and S.W., the sign is the same as that 
of the co-efficient, but between N.E. and S.E., or S.W. and N.W., it has the 
contrary sign. Co-efficient E being — 1° 0’ we enter the table with ro 
distance, and for N.N.E. being two points from north we enter the table 
with four points and take out latitude 7 = — 0° 42’, the sign of the same 
name as the co-efficient according to the above rule. 


Having the deviation due to each co-efficient, we sum them up 
algebraically thus — 


Direction ofship’s hcadN.N.E. A gives —~ 1° 30’ 





B , — 6 48 

C yy — 4 20 

E ,», — © 42 

— 13 20 

DD, + 4 ~°0 

Deviation ship’s head N.N.E. by compass. — 9 20 


Dev. = A'+ Bsin. 6+ Ccos.6+Dsin. 20+ E cos. 29 


where A, B, C, D, and E are the co-efficients of deviation and @ the direction. 
of ship’s head by compass. 
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1 


Co-EFFIcients, 
Sbip's Ye Re es, Ship's Head 


Head by | 


























Compass. A | B c D E Total 
, |r 30’ —-17° 50’ |— 4° ace 5° 40° — 1° 0’ | Deviation, 
North (— 1 30) 0 O—4 4o| O O—I O'— 70 
N. by E. (—1 30 — 3 29 — 4 35'+ 2 10 —o 55!— 8 19 
N.N.E. |— 130 — 6 50 —4 19!+ 4 Oo —0 42/— 9g a1 
N.E. by N.!— 1 30 — 9 54:—3 53/+ 5 14 — 0 23|— 10 26 
NEL |—1x 30 —12 37 —3 1814+ 5 40 0 0'—1E 45 
N.E. by E. ‘1 30 — 14 as 36'+ 5 1440 23. — 13 19 
E.N.E. —z1 30 —16 29 —I 47 +4 O1+ 0 42:—15 4 
E, by N. —1 30 —17 29 —0 55, + 2 30!+ 0 55,— 16 49! 
| | 
East. —I30—~—1750' o of oO O1+1 0}/—18 20 
E. by S. — 1 30 —17 29/+ 0 55/—2 10 +0 55/— 19 19 
ES.E. —1 30 —16 29/+ 1 47;—4 0 +0 42;—19 30 
S.E. by E. i 1 30°'— 14 50 + 2 36'—5 14 +0 23/— 18 35 
S.E. —1 30 — 12 37 +3 18.— 5 40; 0 O'—16 29 
S.E. byS. —1 30— 9 54 +3 53/—5 1B) ONES a8 8 
SSE. —130— 6 50\+419/—4 ol—o 42/— 8 43 
S. by E. ;—1 30 — 3 29 +4 35|—2 10 — 0 55/— 3 29 
South —130— 0 0 +440] 0 o—r1 o|+ 210 
{ j 
S. by W. —1 30 + 3 29,4 4 35 fee erie 7 49 
_5S.W. —~1 30 + 650 +4 19, +4 0/—o 42/4 12 57 
S.W. by S. 130 + 9 54,43 538 T4|-—0 23/+17 8 
SW. Jor 30'+ 1237 +3 18'+5 gol o o|+ 20 5 
$.W. bv W.'— 1 30 +14 50 + 2 36(+ 5 14/+ 0 23:4 2r 33 
WS.W. —1 30\+16 29 +1 47'+4 0,40 42 + 21 28 
| | 
W. byS. '—r Beene 29°70 55 +2 10:+0 55|+ 19 59 
West [ke +1750, Oo o| 0 o+1 0; + 17 20 
W. by N. |— 1 30:4+ 17 29 — 0 55'— 2 tol+ 0 55 + 13 49 
W.N.W. |—~1 30 + 16 29'—1 471-4 0) +0 42/+ 9 54 
N.W. by W.|— 1 30:-+ 14 50;— 2 361— 5 14/+ 0 23/+ § 53 
N.W. j~r 30j+ 12 37/3 18j—~ 5 401 O O/+ 2 9 
i 
N.W. by N.j— 1 30/+ 9 541—3 53}— 5 14/— 0 23|— 1 6 
N.N.W. [—1z 301+ 6 50!—4 19|—4 0/—O 42)— 3 4x 
N. by W. |—x 301+ 3 291—4 35)— 2 10)— 0 55|— 5 4x 


Correct 


Magnetic. 


4Z 


ZAAZ ZAZA AZZZ VOV VHH WMH HHH WALZ ZZzZ ZAZ 


BO eNe TES 
re Sen Se 
£2X £84 22% 


== 
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69. June 2oth, 8h. 41m. a.m. App. time at ship in lat. 41° 30’ N., and 
tong. 75° W. Required the sun's true bearing. ; 





























D. H. M. S. reas + ° : oa o.8 
June 19 20 41 uO Dec. 23 27 1-3N. Var. 1:03 p 66 33 
Long. in time + 5 00 00 + 1-8 V7 Uv 48 30 
A.T. Gr. 20 r 41 00 23 27 «31 Corr. 1751 Sum 115 03 
H, MS. * go oo 0 Diff. "78 03 
Hour Angle or P 3 19 0 66 32 56-9 yea 
P : — Zz 57 32 
Zz 139 30 ao 
2 aN 
Formiula— 
~T _ p~l 
‘ Gl. Sin. 
Tan, 2+ Xo 2 7 Cot z Tan, 2~% -— Cot. p 
2 Cos SE ae ra 
2 2 
24% 5 2=% 2 22, the Azimuth. 
When the co-lat. exceeds the polar distance,the Azimuth equals’ _ zx 
P H. Mm. OS, 
= I 39 30 cot. 10-333806 - cot. 10-333806 
pb = g 9 200 cos, 9°994580 sin. 9:195925 
p + f 57 32 00 sec. 10-270180 cosec. 10°073810 


Z + X75 51 18 tan. 10°598566 Z~X 21 52 8 tan. 9'603541 





& 
S 


Zz X 75 51 18 


+ 





2 
Z Zor Azimuth N. 97 43 26 E. 


Explanation of the Figure. 


NWSE _ Rational Horizon. 
P Pole. 
dd Parailel of declination. 
W2ZE Prime vertical. 
WQE_ Equinoctial. 
Vv Ca-lat. 
Pp Polar distance. 
ZX Zenith distance 
X ~~ Position of sun. 
&Z = Azimuth, 


For further Examples see Time Azimuths. 
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7o. April 12th, at gh. 30m. p.m. App. time at ship in lat. 30° N. and 
long. 30° West. Required: what stars will be in good position tor Azirauth. 


Hourly var 





D. H. M. Sz. H. M. Ss. sec. 
App. time at ship I g 30 00 App.©’sR.A. 1 23 18-49 9°20 
Long. in time + 2 00 00 Correction + 1 45:80 I15 
A.T. Greenwich 1 11 30 00 Corr. R.A. I 25 04°29 4600 
I01z0 
60) 105-800 
“ : ee q. M.S. Im. 4580s. 
pp- time at ship g 30 90 
App.@’s R.A. 1 25 24 To find the eee 
R.A.M. 10 55 24 R.A.M. IO 55 
Libre R.A. 14 40 
HA. 3 51 E. 
ee HL OM. 
Table 1 gi a RAM. 10 55 
. Bives 310.3 W. Sirius R.A. 6 47 
HA. 4 1a W. 
Hy. M. 
; g. M eg RAM. 10 55 
22a Libre E., R.A. 14 46 Dec. 15 39 S. Betelguese K.A. 5 50 
16 Sirius W.. R.A. 6 41 Dec. 16 35 S. H eS 
3 Betelguese W.,RA. 5 50 Dec. 7 23 N. A 5 5 
2 Capella W., R.A. 510 Dec. 45 54N. HM 
R.A.M. 1 55 
CapellaR.A. 5 1 
HA. 5 45 
Explanation of the Figure 
NWSE Rational horizon. 
NZS _ Observer's meridian, 
WZE_ Prime vertical. 
WQE Equinoctial, 
ZQ_ Latitude. 
PZ Co-latitude. 
P Pole. 
Pz, 3, 16, 22 Hour circles. 


dd The respective Parallels of Dec., 
16 and 22 being nearly on the same parallel of Dec.. 
only one has been drawn. 
When mean time at ship 1s given, use the mean O’a 
R.A. or Sid. Time to find R.A.M. 
For names and positions see Tables {. and {1 





Fig. 4. ° 


pages 567-569- 
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Examples for Practice , 


(1) April rst, at toh. 20m. p.m., mean time at ship in lat. 50° and long. 
45° W. -Find what stars will be in good position for Azimuth. 


HB OM. Sy 
Ans. RAM. 1r 123 10.20 E. 
2.3.5-18 W. 





Vega, Spica E 
Capella, Betelguese, Procyon, Alphard, W. 


(2) May 30th, at 4h. 30m. a.m., mean time at ship in lat. go° N. and 
long. 60° W. Find what stars will be in good position for Azimuth. 


Bey NES 2E. Capella E. 
AtSe Fe AE EES 7.8 W. Dubhe, Benetnach, W. 


(3) June 27th, at rh. 30m. a.m., mean time at ship in lat. 60° S. and long. 
80° FE, Find what stars will be in good position for Azimuth. 


H. M.S. ms E, Canopus E. 
Ans. R.A.M. 19 49 35 i1.22.W: Altair, o? Libba W. 


72. Jan. 25th, at 2h. rom. a.m., mean time at ship, lat. 49° 2’ N., long. 
25° 30'W. Find the true bearing of « Aurige (Capella); also if Capella 
bore N. 64° 30’ W. by compass and the variation by chart is 36° 40’ W. 
Required the error of the compass and the deviation for the direction of the 


ship’s head. 
. D. OH. Mf. ALM. OS. ee 
M.T. ship Jan. 2414 10 M.oR.A. 20 15 2:05 Capella’s Dec. 45 53 12N.. 
Long. intime + 2 22 Accel.for (+ 2 37°71 gu 00 vu 
BM.T.G. 24 16 32 16h.23m. [+ 5°26 p 44 0-48 
Corr. M.o R.A. 20 17 45-05 UY’ go 58 00 
M.T. ship 14 X10 00 Sum 85 4 45 
R.A.M. 10 27 45 Diff. 3 8 48 
Capella’sR.A. 5 8 34 etl 
P.orH.A. 5 19 11 W. ar ee 
P : p~l' 
Zz 2 39 355 Po" 53424 


KK 2 
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In the spherical triangle P Z X, fig. 5. given £ P the hour angic,é tne 
co-lat. and / the Polar dist. to find / Z. 

















Formula: — 
Cos. p~ 7 Sin. p~l 
Tan.Z+X 2 P Tan. Z~X Qu P 
(ian = —= to 
2 Cos. p + 1 ooh 2 Sin. p + 2 re 
2 2 
Z+X ,Z2~X 
Tet 
P os 
bet! GO 33.52 cot. 10°077761 cot. 10°077761 
-vT A : 
p . I 34 24 cos. 9°999839 sin. 8438544 
r 
e+e 42 32 24 sec. 39°132663 Cosec. 10-169970 
A+B 58 2r 28 tan. 10-210263 A~ B2° 4655" tan. 8-686375 
2 2 
A~B 





2 _2 46 55 
Az. N, 61 08 23 W. 


Comp. bearing N. 64 30 00 W. N 
Error 3 21 37 E. 
Var. 36 40 vo W. 
Dev. go 1 37 E. 
Ww aso E. 
Q 
s 
Fig. 5. 


The star is circumpolar and therefore does not rise or set. The explana- 
tion of the figure is the same as in similar problems, and need not be repeated 


here. 


For further examples, see Time Azimuths. 
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Heeling Error 
92. Ship’s head N.E. x bE. and heeling 10” to port; the heeling error 
observed was 5° 30’ east. 
Required the probable heelinug error, ship's head S.S.E., and heeling 8° to 
starboard, 
Formula— 
observed error X cos. new course X new heel 


Heeling error = cos. old course x old heer 


{ Log. observed error -+ log. cos. new course ++ log. new heel 
1+ log. sec. old course -} arith.-co, log. old heel — tens 


Enor 5°°5 log. 0°740363 Pe z 
New course 22° 30’ cos. 9°945430 
New heel 8° log. 0-9030g0 
Old course 56° 15’ sec. 10°255261 ‘ 


Old heel 10° Arith.-co. log. g:000000 W 
Heeling error 7° E. log. o0-S44144 


Log. beeling error = 


oo H 
Fig. 6. 
Explanation of the Figure 

The circle represents the compass, N C S the compass needle, 2 NCB 
first compass course, Z S C H second compass course, C A heeling error for 
1° of heel at NE x E, CB heeling error for 1° of heel at N or S, C J the 
heeling error for 1° of heel at S.S.E. It is obvious that the heeling error 
varies as the cosine of the compass course, as shown in the formula. 


Ship’s head N.E. x E. and heeling 10° to starboard, the heeling error 
observed was 6° west. 

Required the probable heeling error, ship’s head north and heeling 10° to 
port. 

Fig. 6. Let C A= heeling error at N.E. x E., then CB will be the 
heeling error for ship’s head north, equal] to CN, both being radii of the same 
circle. 

Then in the right angled plane triangle, CA B, Fig. 6, given Z C and 
side C A: to find side C B. 


Formula— 


CB : _ 
TAT Se LO. CB=CA x Sec. 2 © 


CA 6° log. 0778151 
ZC56° 15’ sec. 10°25526x 
Heeling error at North 10°8 E. log. 1-033412 
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Let us suppose that the ship, in the last example, had been heeling, say, 
13° on north; you would have to multiply the error just found by 13° and 
divide the product by 10°, thus— 


10°83 - 
13° 
324 The heeling error for 13° of port heel head North = 14° E. 
108 The error would be the same at South but would be West. 
At East or West there should be no heeling error. 





10°)140°4 
14%0 E. 


Examples for Practice 
7. Ship’s head S.E. and heeling 6° to starboard, the heeling error observed 
was 8° East. 


Required the probable heeling error, ship’s head N.N.E. and heeling 10° 
to port. 


Ans. Heeling error 17°'42 East. 


2. Ship’s head N.N.E. and heeling 10° to port, the heeling error observed 
was 17°-42 East. : 


Required the probable heeling error, ship’s head S.E. and heeling 6° to 
port. 


Ans, Heeling error 8° West. 


"3. Ship's head S.E. and heeling 6° to starboard, the heeling error observed 
was 8° East. 


Required the probable heeling error, ship’s head N.N.E. and heeling 10° 
to starboard. 


Ans. Heeling error 17°°42 West. 


4. Ship’s head north heeling 7° to port, the heeling error observed was 
rxr° West. 


Required the probable heeling error, ship’s head south and heeling 10° 
to port. f 


Ans, Heeling error 15°°7 East. 


The heeling error changes its name if on both tacks her head is either 
northerly or southerly ; it retains the same name if on one tack her head is 
southerly and on the other tack northerly. A ship with a heavy list to 
port or starboard would change the name of the heeling error on changing 
trom a northerly to a southerly course, or from a southerly to a northerly 


course. 


TaBLE J.—The Numper of the Stars in Table II, that are in best Position for having their Azimuths observed at dificrent Latitudes for each 
Hour of Sidereal Time. 


E. 2.14.1. 
We orn.2y. 
I. 2.0.13, 
PW ro.rt. 
E. 13.2.1 


_2.3.14-1. 
11,24, 


11. 


W. 10.18, 


E. 1.2. 
Wl ro. 
L. 1.3. 
WWD ro. 
ee sa 2 


3-4,14.16, 


2.4.5.15.16. 
2314.13. 


13.14.3.2, 16.4. 16.5.4. 


16.4.5.15. |_ 18.15. 
12. “12.13. 
_16.3.4.2.5, | 16.15.5.4. so 
13. 12.13. | 12,13. 


13. 13. 12. 
_16.5.7. 7.15. 
12. ; 
PSs | 75-4. 
12, 
145.7. | 16.5.14. 
10,12, 12. 
14-5 3.8, 


10,12, 10,12, 


12h 


13" 


E. 21.19.23. 


W.17.16.7. 


E. 22.23. 


wo 4.5. 
£ 23. 


V4.5. 
10,22, 
2.5.4. 
22,10, 


23.23, 
4. “7.18. 
21.10.23 


10.23.21. 
10.23, 


10.23.22. 
Sie 


cm 
20.22.10, 


8.2.6. |2.4.5.0.18, 


7.18.19.0. 
“19.18.7. 19.6.7, 
18.4.5. 


=e 


2.4.6.20. “2 


rg} gh 165 


10,21 11,10. 
7.6 19.25. 
10, 1. 


“ELA. 


19.21.8. 
21.10, 


_ 10.21.23. 
~ 6.18. 


20.7. 


11.23. 


20.22, 
23.17. 

"20,22.6. 

22.18, . II. 


§20.2.4.6, | 20.2,4.6.22.| 20.2.4.6. 


15. 


14.5.6.8. 


24q.1t. 


SIDEREAL Tiwe. 


pee. 


57-6.15.18, 


[ssa8i62, 15.7.6. 


6.18.7. 


15,6.18. 


18.6.8. _ 


ye 
_ 16.14.68. jadival 


12. 


14.5.6.8. 


10.12. 


164186 9.10.18.6, 


SIDEREAL TiME. 


17h 


24. 


20,21,8.9. 


24. 


21.20,8, 


12. 
20.22.23. 
12.11, 
20.22.23 


202.0%, 


20.4. 


18h 


24.12. 


12,24. 
20.8.21. 


9.7-22.23, 
2.12.1. 


9. 


gb 


19.20.7, 


2 


17.20,8.7. 


15.2.1, 
8. 
15. 
8.9. 
14.1, 
8. 


16.14.1. 
9.18. 
aa 


9.19.20, 


17.9.20.19. 


“O35. 


gh Toh 

_21.9.22.8.7. | 
14.15.3-2. 

—19.22.9.8._| 


_21.19.8. 


15.16.17.4. 


2.114.715. 


L405. 
9.20. 


LIU5.1g. 


9.20. 


1.14.16. 


9.20. 


16,14.3.1. 


_ 10.9.20, 
“5. te 8 


ar 


13. 


23.24.10. 


24.23. 











TaBLe I.—continued. 




















































































ee a ee 
Latitude {Latitude 
| South. SIDEREAL TIME. 2 1 South 
Degrees: ob xh 2h 3h 2 6b p gh ge 1» Degrees. 
<6 ie ) Taq. | 2.15-3.04. | 2.15.16, | 2.15.5, So. 17.4. 17.6.18.| 17.6. 19.17. _|_19.17.20, | 19.21.20.7. | _|_24.23.8. * 
¥ IT, 24. Dias 24. 12, 13. 13.2. 13.2. 2.1. 2.1.14. 17.10.15.4 
LE. 151g. | 15.16.13, | 16.15.3.2. . \17.18.4.2.} 19.6. 19. 19.21.20. 21.20. _ 9.23.5. 
20 FW. on. 24. 24.12. 1. 2.13. 2.13. | 2.1.13. _ . “15.16.4. ze 
E. 15.07.1104.) 1715.16.14) 17.16.3, 2.19.18. .| 19.6.21. 21. 21.20. 21.22.20, 5 
3° |W. i. 24. 12.24. | 12.2 24 2 2.1.13. | 43-43. 1413314.| 4324. | 30 
V f . mY}: 4.1.13. 4.13.3.14. 4.3.14. 
EL 17.15.14. [19.47.16.1. | 19.16.3.7. | 1.5. | 19.21.5, | 19.21.18.) 21.6.4. 21.6. 20.6. 20.22, 23.22.24. 2) 
42 TW. 2nd, 21.12. 23512: 24. 24. 1.24. ——, ets 4h 13.3.14. 13.3.14. 5: 51013 40 
E. 14 19.16.14. | _19.16.3. 21.19.31. | 21,19.5. | 21.18.5. | 21.8.5. 6, 20.6 22.20,6.24. 2 3 24. 
$0 |Woag2t12. | 20.32. 21.12, 24. 24. 1.24. 1.24. 2q.03. | 3. | teg-a5. | 13: . 13.6 5° 
E. 12. 19,14. 16.14. 1.3.16,.21. 1.3.5.18.21. 3.5.18, 5.18, 5.6. 6.20. 6.20.22.24. |6,20.22.23.24.|20.22. 
ie |W. 19.21, 12, | 2r.r2, at 3.1.24. 3.25. 16.6.5.13 a 
Latituad SIDEREAL TIME. jlatitude 
peop i a aes a 
Degrees. 12h 13% 1g" 15" 164 178 18h | gb 2oh 21h 22h 23" 
; E. 8.23, a= 10. 10.24.11, 10.24 24. Pecotge t2. eee. eee |< ee 13. ee 
10) Wi17.5.15.16.[ 17.7. 17.6.8.18. | 19.17.8. 19.8. 19.21.38. a 20.9.1 21.9.22, | 21.22. 10,23. 10, 10.24 Io 
E. 23.8. 8. 24. | 24-10, 10.11 __10. 10, __ 13.12. Sie). A: 
20 |\Weo76.156. | 15.17. | 17.0188 17.8. 17.8 19.9. | 19.9.20. [10.19 26.22, 21.10.22. | 10.21.23. 10.23 th 20 
y 24. 11.24. S.1t | ro.tl | ro.t3. 13.02 PSUR | sD 15.07. 
15.6.18 17. 17.9 17.9. |17.19.9.20.)19.17,10.22.]19.17.10.21.121,10.19.23. 21.23. It, 30 
9.24 13. 13.11 | 13.1, | 13.10. 3342. | 12 7a2t5. | 175 | AZT. 
15.6.18. 9.15. 9.17 17.9. 17.20. |17,10.19. 22, 19.21.23. | 19.21.23.01, | 19.20.14 ae 
9.13. 13. 13.10. | 0.13. | 11.13. Tnrg. | U§.t2. | 15.12.17. 7 2. [17.05 
15.18. g.15. 9.15, 15.20. 1§.20 17.22, ]17.19.22.11.) 19.23.11. ] 19.21.23.11, [19.21.11.23 | sf 
9.13. 13. 135 = It. Tr. T5h.tt. | TS. 15.12. 12.15. 15. 
18, 15.9. 20.15. 15.20. | 15.20 22 22. 18.22, 23.18. 23.11, 12.19.23, | 6° 





Table I. inserted by kind permission of J. D. Potter, 145, Minories, E. 
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TABLE Il. 











R. A. | Declination R. A. | Declination 
1] Aldebaran 4 3t 16 I9N. 33 Achernar r 34 57 43S. 
2] Capella 5 10] 45 54N. | 14: Rigel 5 ro} 8 19S. 
3] Betelguese | 5 50] 7 23N. | 15! Canopis 6 22] 52 39S. 
4| Castor 7 29|32 6N. | x6) Sirius 6 4x] 16 35S. 
5] Procyon 7 34) 5 27N. 417: B Argus 9 12| 69 20S. 
6) Regulus Io 3{12 26N. | 18] Alphard 9 23} 8 16S. 
7| Dubhe Io 58| 62 16N. | 19] e! Crucis I2 21} 62 35S. 
8| Benetnach | 13 44| 49 47 N. | 20] Spica 13 20 | 10 40S. 
9g} Arcturus Iq mr! 19 40 N. }21| a? Centauri | rq 33 | 60 278. 
Io | Vega 18 34] 38 42N. | 22] o? Librae x4 46/15 39S. 

rj Altair 1g 46} 8 37N. | 23! Antares 16 24] 26 13S. 

12 | Markab 123 9} 14 42 N. | 241 « Pavonis 20 18157 28. 


ti 


PROOFS OF FORMULA 
PLANE TRIGONOMETRY 





Fig. 1 


It is agreed that when the straight line O C, Fig. x, revolves in the 
direction of the outer arrow all the angles generated will be positive, and 
when it revolves in the direction of the inner arrow all the angles generated 
will be negative. Let the straight line O C, commencing at C, take up the 
positions P, P’, P” and P’”’, then the angles P O Q, P’ O Q, P’ O O and 
P’” O Q will all be positive. All vertical lines above D O C are positive or 
plus, and all vertical lines below D O C are minus ; all horizontal lines to the 
right of N O B are plus, and all horizontal lines to the left are minus; the 
revolving line O C is always plus. 

In forming the ratios like signs give plus and unlike signs give minus, 


It will be observed that all the lines in the first quadrant, N C, are plus, 
consequently all the ratios are plus. In the second quadrant, N D, the 
vertical lines are plus and the horizontal lines are minus ; consequently all 
the ratios in the second quadrant are minus, except the sine and cosecant. 
The student should prove this for himself by forming the ratios and observing 
the rule that like signs give plus and unlike signs minus. It is of the utmost 
importance to know whether a ratio is plus or minus, because it enables you 
to recognise at once the magnitude of the angle with which you are dealing. 


In the plane triangle P O Q, Fig. x, let the sides be denoted by the 
letters ~, 0,9. Let ZO = @. 


Then— g? = 02-4 p2 
Div de these Sb by q?, 0? and p*, is 
2 g? +2 9? p? 
apth anat Bhs th 


e., I sey + cos.2@; i.e, cosec.279 =r + cot.26 ; £6, sec.? @ = tan.? p 4% 


Also zr —sin.2 0 = cos.26, and 1 — cos.? 9 = sin.? 6 
Cosec.2 6 — x = cot.? 6,-and cosec.? 6 — cot.26 == 2 


Sec.2 9 — tan.2 0 = 1, and sec.? 6 — x = tan.20 
57° 
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When one ratio multiplied by another produces unity one is said to be 
the reciprocal of the other. (See Fig. 1 for triangle.) 


| Sin, 6 = 2 
J q 
| Cosec. 9 = 2 and 2 x? = 1.°. the sine and -cosec. are reciprocals. 
\ 0 gq 0 
Cos. 6 = p 
i qg 
Sec.6= 2 and? x2 =1.°. the cosine and sec. are reciprocals. 
? q ? 
Tan. 6 = 2 
i p 
| Cot. 9 = 2 ana ‘ xb =1.'. the tan. and cot. are reciprocals. 
0 


It is very frequently a source of great saving of figures to substitute the 
reciprocal of a ratio in an equation. 


The above results may be stated thus, and should be remembered— 


{1) Sine squared of an angle plus cosine squared of the same angle 
equals I. 


(2) Cosecant squared of an angle equals 1 plus cotangent squared of 
the same angle. 


(3) Secant squared of an angle equals tangent squared of the same 
angle, plus z. 


As the sine of an angle increases from 0 at 0° to unity at go°; the cosine 
decreases from unity at 0° to 0 at go°. 


The tangent of an angle increases from 0 at 0° to @ (infinity) at 90°, 
and the cotangent decreases from infinity at’ 0° to 0 at go°, 


The secant increases from unity at 0° to infinity at go°, and the cosecant 
decreases from infinity at 0° to unity at go°. 


1 aD ree rr eee 
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VALUES FOR RaTi0os OF 30° AND 60° 


Let A BC, Fig. 2, be an equilateral triangle, then by Euclid, Book 1., 
Prop. 32, each of its angles equals 60°. Bisect the angle B by a line cutting 
the base A C in D, then the angle A B D is 30°. Because A B = B Cand 
B D is common to both, and angle A B D = angle C B D, therefore B D 
bisects A C at right angles. 


Let AD =e B 

then AB =2¢ 

and BD?+DA?=AB? 

2.6., BD? +c? = 4c? By) 

and BD? = 3c? 

therefore BD =v3c?=c vV3_ A * c 
rz Fig. 2. 

Now— Sin. 60° =sin. BAD =BD —~°V3_V3 
B 2¢ 2 


o plo 


and Sin. 30° = sin. ABD = 4 BS Os ae 


2c 


ml 


All the other ratios of 30° and 60° are found in like manner. 


VALUES FOR RATIOS OF 45° 


Let A BC, Fig. 3, be a right-angled triangle, then by Euclid, Book L., 
Prop. 32, AC B = 45°. 


Jet CB =cthnAB=c A 

and CA?=CB*+AB?=c?+c*=2c8 

therefore CA =c+4/2_ 

. 6 i AB ie ee 5. 

Now Sin. 45 =sin ACB=ZG4=-tVS"Va c 

AB. 2 
Tan. 45°=tan. ACB=@3=7=! 
ACen Eafe a, geese 4 
Cosec. 45 = cosec.A C B= 2-3 = ——— V2 ae 


Any ratio of 45° can be found ina similar manner, 
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VALUES FoR Ratios of A + B 


Let M CN, Fig. 4, be angle A and N C O be angle B, then MC O = 
(A + B). 


In C O take any point D, from D 
draw DE perpendicular to C M, also 
draw D G perpendicular toC N; through 
G draw G H parallel to D E, also draw 
G F parallel to C M. 





Now FDG+FGD =90° 

and FGD+FGC=g90 

therefore F DG = FG C because each is the complement of FG D 
and FGC=MCN=A 

therefore FDG=A 


DE_EF+FD_HG+FD 


Now— Sin. (A + B) =sin. MCO = pen pe = DE 
_HG,FD_HGxGC,FDx DG 
DC’'DC GCxXxDC’' DGxDC 


= sin. A x cos. B + cos. A X sin. B 


CE CH—HE CH—FG CH FG 
Con (Aor B) ces. CO Seno cp. CD. Seb ED 
CHxCG_FGxGD 
=CGxCD GDxcD 
= cos. A X cos. B—sin. A X sin. B 


n A+B 
aes 


_ Sin. A x cos. B + cos. A X sin. B 
~ €os.A x cos. B— sin. A X sin. B 





Tan. (A +B) = tan. MCO=* 


Dividing numerator and denominator by cos. A x cos. B we get— 


sin. A x cos. B , cos. A X sin. 
cos. A X cos. B cos. A X cos 
cos. A X cos. B _ sin. A X sin. 
cos. A x cos. B- cos.A X cos. 


_ tan. A + tan. B 
~ I—tan. A X tan. B 


Tan (A + B) = 


wD Rw! 





The abeve results are very important, and should be committed to 
memory, thus— 

The sine of the sum of two angles equals the sine of the first into the 
cosine of the second plus the cosine of the first into the sine of the second. 
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The cosine of the sum of any two angles equals the cosine of the first 
angle into the cosine of the second angle minus the sine of the first into the 
sine of the second. 


The tangent of the sum of any two angles equals the tangent of the first 
angle plus the tangent of the second, divided by 1 minus the tangent of 
the first into the tangent of the second. 


VALUES FOR Ratios oF (A — B) 


Let M CO, Fig. 5, be an angle A, and 
OC Nanangle B; then MCN = (A—B). 

In C N take a point G, and from G 
draw G H perpendicular to C M; from 
G draw G D perpendicular to C O, through 
D draw D E parallel to G H, and through 
D draw D F parallel to C M, inceting H G 





Fig. 5. 
produced, in F. 
Now FGD+FDG = 9° 
and E FDG +FDO = 9° 
therefore FGD+FDG=FDG+4+FDO 
and FG D = F DO because each is the complement of F DG. 
Now FDO=DCM=A 
therefore FGD=A 
; GH HF—FG DE-—-FG 
Sin. (A — B) = sin. MCN [EC 7c GC. 


~DE_FG_DEx DC _ FGxDG 
“GC! GC DCxGc DGxGe 


sin. A x cos. B— cos. A & sin. B 


CH_CE+EH_CE+DF 
CG” "€G CG 
DF_CExCD,DFx DG 


—CG Cerchezte Dex ce 
= cos. A X cos. B + sin. A X sin. B 


_sin. (A — B) 
‘os. (A — B) 


sin. A X_cos. B — cos. A _X sin. B 
cos. A X cos. B + sin. A X sin. B 
Dividing numerator and denominator by cos. A X cos B then— 
sin. A X_ cos. B cos. A < sin. B 


cos. AX cus. B cos. AX cos. B 
Pan. (Ages B) == cos. A X cus. B “sin. A X sin. B 


a oi 


cos. A x cus. B * cos. A X cos. B 
__ tan, A — tan. B 


y+ tan. A X tan. B 


z 


‘Cos. (A — B) cos. MCN = 





Tan. (A — B) = tan. MCN = 
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These results should be committed tomemory. The sine of the difference 
of any two angles equals the sine of the first into the cosine of the second 
minus the cosine of the first into the sine of the second. 

The cosine of the difference of any two angles equals the cosine of the 
first into the cosine of the second plus the sine of the first into the sine of 
the second. 


The tangent of the difference of any two angles equals the tangent of the 
first minus the tangent of the second divided by 1 plus the tangent of the 
first into the tangent of the second. 


VALUES FOR Sin. A + SIN. B, ETC. 





= A,and 





A B  A—B 
ae ae 


A+B _A—B_ 
2 2 


5 SB 


and by substituting these values for A and B we get— 


eon ‘s = 
A+B y os. 4 B is. cos, AB x sin, A B 
2 2 2 2 


AEB x cos, AB — cos, ATF i 


Sin. A = sin. 














and = Sin. B = sin. 











by addition Sin. A+ sin. Bae 








and by subtraction— 








A+B A—B 
Sin. A — sin. B = 2 cos. + 











A+B A—B . A+B - A-—B 
2 2 . 


Cos. A = cos. x cos. —>— — sin. 


Be in At YAS 


and Cos. B = cos. 3 = 











X cos. 





A+B A— 
2 


A—B 
2 





A B 
by addition Cos. A + cos. B = 2 Cos. ALS X cos. 
and by subtraction— ‘ 
e X sin. 25 
2 








. A 
Cos. A— cos. B = —2SIn. 


B—A 


== 2 sin. x sin. 








A+B 
2 
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These results are most important, and should be thoroughly understood 
and committed to memory, as follows— 


The sum of the sines of two angles equals twice the sine of half their 
sum into the cosine of half their difference. 


The difference of the sines of two angles equals twice the cosine of half 
their sum into the sine of half their difference. 


The sum of the cosines of two angles equals twice the cosine of halt 
their sum into the cosine of half their difference. 


The difference of the cosines of two angles equals twice the sine of half 
the sum into the sine of half their difference, reversing the order of the 
terms. 


In addition to the above the following results, which are easily proved, 
should be remembered. 


The cosine of any angle equals the cos.? of its half, minus sin.? of its 
half, i.e. 


Cos. A = cos.? Bi. sin.? = 
2 2 
The cosine of any angle equals x — 2 sin.? of its half, z.e. 
Cos. A = I—2 sin. 4 
“.I— cos. A = 2 sin.? A 
2 
The cosine of any angle equals twice the cos.? of its half, minus 1, z.e. 
Cos. A = 2 cos.2 A —t 
“.I+co.A=2 cos.? 4 


Sin.? A — sin.? B = sin. (A + B) sin. (A — B). 





























Now in. 4B A—B 
Space as oe Ee 
Cos. A BO ' = 
eee 2cos. + x cos, AB 
tens 8 
and A+B . A—B 
Sin. A—sin. B 2? 6% go te SN are, 
Cos. A Bo = 
pa yee 6 tic” t ¥ X* cos. 7 B 
A—B 


== tan. 





2 


TT” re 
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also ° <j A+B A—B 
Sin. A°+sin.B 2 5!2-——Q_ X ©OS. 

Sin. A— sin. B~ A ZB  . ,A_B 

2 COs. A+B x sin. A—B 








Be Be ag oe 








== tan. 


> 
+ 
w 





which by substituting the reciprocal of cot. A— B _ Bess 


2 A—B 
tan. 2 











PROOF OF RULE OF SINES 
c 


c 
SS B 


Fig. 6. 
Case I.—When the angles are acute. 


Let A BC, Fig. 6, be a triangle having the angles acute; from C draw 
C D perpendicular toA B. Let CA = bandC B =a, 





Now CD 
Sn. A CA CD CB _CB_a 
Sin. B-~TD=GA*TCD-“CA 4b 

CB 


Case JJ.—When one of the angles is obtuse, as B. 


Let A BC, Fig. 7, be a triangle having angle B obtuse; produce A B 
to Dand draw D © perpendicular to A D. 


Now cD 
Sin. A sin. A _ sin A [CA _CD CB _CB_ a 
Sin. B ~ sin. (180—B) ~sin. CBD CD Ca cp =Ca~% 
CB 
c 
FY . 
se 
A= D 
Fig. 7. 
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PROOF OF RULE OF COSINES 
Case I.—When the angle is acute. 


Let A BC, Fig. 8, be a triangle having A acute; from B draw B D 
perpendicular to A C. 


BC?=CA?+A B? 
=CA?+AB? 
Let a=BC; 
then at= $F + 
26bc.cos.A 

2 ae 

and cos. fom TG 8 





Fig 8 


Case II.—When the angle is obtuse. 


Let A BC, Fig. 9, be an obtuse-angled triangle having the angle A obtuse. 
From B drop a perpendicular on C A produced to D. 


Now BC?=CA?#+AB?2+2CA.AD 


=CA*+AB?+2CA.BA. (—cos. A); because A D = 
BA xX cos. A 


=CA?+ AB*—2CA.BA.cos. A 





A 
and using the same notation as betore— 
a= b+ c?—2be.cos.A 
therefore 25c.cos.A = 6? +c2?— a? 
__ bt + c#— a? (c 
and cos. A = Shere 
To adapt the above formule to ¢« Db 
logarithmic calculation proceed thus— e a 
Fig. 9. 
2 a2 
Cos A = ee 
26c 
= 6? + c?— a? 
I+cos.A=3r+ SS 
A 26c+ }? + c?— a? 
F 2D oe “es pola 
ie, 2 cos." 7 Fie 
_ (b+c)?—a? 
a zbe 


i (6+¢ +a) (6+¢—a) 
26c 


Let 


and 


then 


and 


and 


and 
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b+ce¢+a=2s 


6+¢—a=25—2a=2(s—a) . 
2cos.24 — 25.2(s—a) 
2 2be 
cos.2 4 = s.(s—a) 
2 bc 


oe #2 o/E 9 et) 


log. cos. * =} {log. s + log. (s — a) + 20 — (log. b + log. o)} 


Logarithmic formula for sine of half an angle of a triangle in terms of 
the sides— 


therefore 


b% + c2— a? 


Cos. A = Be 


624+ c?— at 
2b¢ 





I>cos. A =>=I— 


so Ae 2bc—6?—c*#+ a? 
z5n.* ee 


at— (627+ ¢?— 2 b¢) 
ra 26c 


a4— (6— cc)? 
T 2be 


—~@—b+9(atb—4 
2bc¢ 


As before, let a+t+b+c=2s 


then 
and 


therefore 


and 


and 


a—b+ex=2s—26 =2(s— bd) 


a—c+b=2s—2¢=2(s—ce) 


2(s—b 2(s—e) 


2be 








._ oA 
sin? = = 
2sin.? > 


- gl _ (s— b) (s—e) 
sins SS = shey Se 


sin b= (ESOS 


Log. sin. * = . { log. (s— 6) + log. (s — ¢) + 20 — (log. & + log. ct 


LLZ 
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PROOF OF RULE OF TANGENTS 











a _sin. A 
’ sin. B 
a sin. A sin. A 
aad ye Pee eer ae 
: a+b sin. A +sin. B a 78 _ sin. A —sin. B 
a eo sin. B an Gs? sin. B 
a+ b sin. A +sin. B 
hence by division— 4 = x ge Bg 
~b sin. BO 
stn AB coe BB 
¢ a+6_ sin A +sin._ B_ 2 Ae? 
$6. a—b sin. A—sin. Bo A +B A—B 
‘os. —-*-— sin. = 
2 2 
I 
tan 3 (A + B) 
rx I 
tan 3 (A — B) 
a+b:a@—b::tan.. gr Be an. > (A ~ B) 


The above result may be enunciated thus— 


The sum of two sides is to their difference as the tangent of half the sum 
of their opposite angles is to the tangent of half their difference. 


By combining the last two formule the formula for the tangent of half 
an angle in terms of the sides is easily deduced, as follows— 





/S=Hb—9 
vee (GH E=5 a 
Tan. A — or 9. Se G23 
/s . (s— a) 
/— 
NV bc 
Cancelling common factors 
{(s= dH (s—4 
=a/- ss. (s—a) 


I ’ 
Log. tan. - =3 frog. (s — 8) + log. (s — c} + 20 — (log. s + log. (s — a)t 
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SPHERICAL TRIGONOMETRY 


The fundamental formula in spherical trigonometry as deduced from the 
spherical triangle having its solid angle at the centre of the sphere is that 
which connects the cosine of an angle with sines and cosines of the three 


sides of the triangle. 
| In the spherical triangle A B C, Fig. ro, given the three sides a b ¢ to 
find angle A. 


Cos. @ = cos. 6. cos. ¢ + sin. 6. sin. ¢. cos. A. 


Now sin. b. sin. ¢. cos. A = cos. @ — cos. &. cos. € 


cos. @ — cos. b. cos. ¢ 
and cos. A = A 
sin. 6. sin. ¢ 


cos. a — cos. 6. cos. ¢ 
cos. A I= - - I 
rie sin. 6. sin. ¢ a 


ie 2 cos.2 © = (0S: 4 = 60S. 6. cos. ¢ + sin. b. sin. ¢ 
s. "2 sin. 6. sin. ¢ ’ 


cos. a — (cos. b. cos. c— sin. 8. sin. ¢) 
eS Fig. 10. 
sin. &. sin. € 


_ 60S. 4 — cos. (6 + ¢) 
sin. 6. sin. ¢ 


2sin.3 (6+ ¢ + a).sin. (6 + ¢—a) 
oe sin. 6. sin. ¢ 


Let 4(6+¢+4 a) =s; then} (6+c—a)=s—a 


then: cos.? me SNS - SiN. (s — a) 
“2 sin. 6. sin. ¢ 


A ‘si in. /s—a) 
and cos. 2 = 4/22: s.sin. (s a) 
2 sin. 6. sin. ¢ 


| and substituting the reciprocals of sin. 6 and sin. c— 


Cos. A _. Van. s. sin. (s — a) . cosec. 6. cosec. ¢ 
2 


582 SPHERICAL TRIGONOMETRY 


To FIND LOGARITHMK FORMULA FOR THE SINE OF AN ANGLE IN 


‘| TERMS OF THE SIDES 
Ul toe . 
cos. a — cos. 6. cos. ¢ 


Cos. A = = 7 
sin. 6.sin. ¢ 





cos. @ — cos. 6. cos. ¢ 
I—cos.A =I— ~ 


sin. 6. sin. ¢ 


A _ sin. 6. sin. c — cos. a + cos. 6. cos. ¢ 





ha, 2 sin, ?— 
2 sin. 6. sin. ¢ 
£03: 6. cos. c + sin. bsin. ¢ — cos. @ 
sin. 6. sin. 
cos. (6 — c) — cos. a@ 
sin. 6. sin. ¢ 
~ woe _ sine a@+6—c).sin.}(a—b+e 
Now * 2 sin.?— 3fa+ a ae re) 
2 sin. 6. sin. ¢ 


Let }(a+6+0c)=s; then} (a +6—c) =s—c; and} (a—b+c)=s—b 


Then sin.2 A ee sin. (s — ¢) sin. (s — 4) 
Pie sin. 6. sin. ¢ 


and sin. 4 —a/ sin. (s — ¢) sin. (s — 6) 
. 2 sin. 6. sin. ¢ 


and substituting the reciprocals of sin. 6 and sin. c. 





aes : os : = 
Sin, a sins (s — ¢) sin. (s — 6) cosec. 6. cosec. ¢ 
hd 3 ‘ i 
L. sin. > = {L. sin. (s—c) + L. sin. (s — 6) + L. cosec. 6 + L. cosec. ¢ — 26+ 


By combining these two formulz the tangent formula is easily deduced 
as follows— 











di sin. (5 — 6) sin. (s — 6) 
A sin. > sin. 6. sin. ¢ 
Tana.= = A [= 
2 Cbs oe /__sin. ‘s sin. (s—a) 
2 N sin. 6. sin. ¢ 
/sin. (s—c) sin. (s— (s— 3) /~ sin. b. sin.¢ 
a sin. 6. sin. ¢ as sin. s sin. (s — a, 


cancelling common factors ee, 2 
[Sin (se) sin. (5 — 8) 
Tan. - sin. S$. sin. (s — a) 
2 


SPHERICAL TRIGONOMETRY 583 


To PROVE A FORMULA FOR FINDING A DIRECT THROUGH THE 
“NATURAL HAVEBSINE 
Cos. @ = cos. b. cos. ¢ + sin. &. sin. ¢c— sin. 6. sin. ¢ (I — cos. A) 
= cos. (b ~ c) — sin. b. sin. ¢ (1 — cos. A) 


I—cos.a@ = 1— cos. (b~ ¢) + sin. 6. sin. ¢ (1 — cos. A) 


I—cos.4@ _ I — cos. (b ~ c) esi b.sin. e & — cos. A) 
2 2 2 
é sprig A 
Now I—cos. A = 2sin.?~ = versine A 
and r—cos.A _ 342A _ versine A _ iptdarsina ck 
2 2 2 
therefore Hav. @ = hav. (6~ c) + sin. b,sin.¢. hav. A 


For the further use of the natural haversine, see the Eppianaties of the 
Ilaversine Tables in Norte’s TABLES. 


The usual formula for finding an angle is as follows— 
where a = the alt. 2 = the latitude, = the polar dist., and 7 P the hour 


angle. 
cos. P = cos. (90° —a) —cos. p p cos. (go°— A) 


sin. p sin. (go°— J) 
_ sin. a —cos. p sin. / 
sin. p cos. b. 








Subtracting each side of the equation from r— 


sin. a@—c in. 2 
1—cos. P= 1— os p sin. ¢ 











sin. pcos. f 
1.6. 2 sin. Eo DO2 cast f cos _p sin. /— sina 
2 sin pcos. / 
_ sin. (Pp + 1) —sin.a 
sin p cos. ? 
— 2.608 4 (p +/+ a) sin. 4 (p +1—a) 
sin. pcos.t 
Now, if s=}(p+/ +a), then (s—a) = } (6 +1—<a) 
therefore ees anes aun, (Seria) 
2 sin. pcos ¢ 
= co-sec. p sec. / cos. s sin. (s — a) 
And sin. = V/ co-sec. p sec. F608. § Sin. (sa) 


Hav. P = sin? * 


584 SPHERICAL TRIGONOMETRY 


In finding the azimuth when the altitude and latitude are substituted. 
for zenith distance and co-latitude, the following modification of the 


formula is necessary. 


s+ Con aie mete Pcs lg0" — a) cos(90" 4) 
: sin. (90°—a) sin. (go°—Z) 
‘= 008. P—sin-asin | 
cos. a cos. / 


adding 1 to each side of the equation— 
cos. p— sin. asin. b 
cos. a cos. t 





1—cos. Z= 1 + 
ft 5 . 
\cos. a cos. /— sin. asin. l) + : 
ar sin? 2 —*¢ S S, sin. asin. l) + cos. p 
2 cos. a cos. - 


— cos. (a + 4 + cos. p 


cos. a cos. lt 


Sint Z — COS4 (a+! + A) cos. f(a + 14) 
2 cos. a cos. L 
a. sin? Z _ cos. s Cos. (s =?) Wliere's (@+l+p, 
Bo. cos. @ cos. Z 2 
.e., sin. Z = cos. $ cos. (s — p) sec. a sec. } 
a SZ 
or sin. aa v/ cos. s cos. (s — p) sec. a sec. 2 


Hav. Z = sin.2 2 
2 
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1 van. TNS | QUA nN] VAR. 
DATE, DECLINATION. int DECLINATION. | ents | eer inl Paoeee 
HOUR, (Des En. TIME. HOUR, a. 
ss Gv. san io Dee ie ee | mi. 5. S. h. ri 5. 
Jan. 1/8. 22 59 228 12-73 §, 22 59 23-6) 16 19-2!~3 53°80} 1-177 | 18 44 21-23 
Ql Ws 36 A 4 21:86] 1-161 {18 48 17-79 
( 17h: ‘ | 4 49-54 | 1-245 | 18 52 14-35 
| Bf i | 5 16-83} 1°128 | 18 56 10-90 
5/ 5 27 5 42°68]1:110:19 0 746 
aD 15-2 G 10°08 | 1000/19 4 462 
: 412 6 3601] 1070/19 8 O-5x8 
212 40-9 : 14311019] 19 12 57-14 
2: Les 1) GF 26°33] 1-026} 19 15 53-69 
s 220 250.16 150, 4 50°68| 1:003|19 19 50-25 
. 4) 73 16180 8 1446] 0-079 159 23 46-31 
i 21 36 907 M2161TO BE 54 [19 97 43°36 
F 12-2 161,16 17:8! 9 19 81 39-92 
38-9 43°1:1617-8 9 19 35 36:48 
5 | 41158 156 1617-7, 9 19 89 33-01 
5, 2053 190 § 238/16 17-6 10 19 43 29:59 
41 33-0 38-2/16 17-5 10 19 47 2615 
i 29 23-4 26:9, 16 175 | 10 19 51 22-7 
g 'G 56:5 | 16 17-4; at 55 
3 54- Di) 16 173 
f 36" 43-2 | 1G 17-2 i 
36 56% 32/16 17-1! 11 53-37 
23 54° 1:3|16 170° 12 8-89 
: 39-0 | 16 16:9! 12 23°61 
25{ 18 53 458.37-29 | 18 53 537/16 16-7 12 37°52 
26) 18 38 405 35-14; 18 38 486116 166 12 50-60 
27} 18 93 14-9 3898 , 18 23 233) 16 165: 13 286 
9g| 18 7 29-4 3980! 18 7 382] 1G 164+ 13 14-28 
99| 17 51 245/40-G0 | 17 51 33-6116 163. 13 24-87 
30) 1735 06) 42-39) 17.35 9-9}1G6 162) 13 34-62 
Jan.81] 17 18 18-0; 49-15 | 17 18 27:6] 16 160-18 43-54 | 0-354 
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APPARENT Noon. (N.A. p.1.) \ Mean Noon. (N. A. p. IL.) 


VAR, \ SUN'S EQUATION VAR. 
ixt i] DECLINATICN, | SEMI- oF foasd 

= OUR. h DIAMETER, = TIME. HOUR, 
, ae eae * ” m. 

42-91 $.17 1 27 159 -13 

43-64 16 1974 13 

44-36 1G 26 32 155) 14 

45°06 16 s 154 14 
45-74) 15 $ 15:2| 14 

i4G41 15 : 1570} 14 

47-06 15 23-2'16 14-9] 14 22 
47-70 dt 47) 14 

48-31 14.35 141'16 14-5) 14 

48-92 1415 47-4:16 143, 14 2 
49-50' 13! 16 141 27°67 
50-07 13 36 11: 13-9 426-99 
5062| 13 s 13-7 | 

51-15; 12 2 13-5 

51-67 12 + 13-3 

S217 12 14 22 iyi 

52-05 3 292° 16 129 

53-11 3: 127 

53-56, ‘i 12-5 

53-UR 2 12-2 

51-39 2 12-0 

np) 11-8 

5516 11-6 

5551 1G 11-3 : 

B5-R5 1G 11-1 314-66 
5G LT 1G 109; 13 4-58 
56-48 16 10-7} 12 53-92 | 
56-76 16 10-4 ee 
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57:29 
5T-AS 
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57-96 
5815 | 
58°33 
58-49 


16 10-2 j—12 
153/16 100] 12 

17-2'16 97! 12 

135,16 95) 11 52-61 | 0562 
4-7) 16 11 38-94 | 0-580 
5171! 16 11 24-80 | 0-598 
33-1 | 16 11 10-24 | 0-615 
11-0 | 16 10 55-30 0-630 
45-2116 10 0-645 
16-0 | 16 10 4. OG59 
43°8 | 16 10 8-37 | U-G71 
90/16 52°12 | 0-683 
31-8 | 16 35-59 | 0-694 
52-7 | 16 18-41 0-704 
1G 1-81 /0-713 
16 44:59 0-721 
27-18 | 0-729 
9-59 | 0-736 
51-84 | 0-743 
33-94 | 0-748 
15-91 | 0-753 
57-78 | 0-757 
39°56 | 0-761 
21-26 | 0-764 
2:90 | 0-765 
44-50 | 0-767 
26-08 | 0-767 
7-66 | 0-767 
49-96 | 0-766 
30-90 | 0-764 
12-59 | 0-761 
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588 | NAUTICAL ALMANAC 


VY Appansnr Noon. (N.A. 2. 1.)]! Mean Noon. (N. A. ep. IL) 


VAR. SUN'S EQUATION | ¥AR. 
DATE. DECLINATION. inl DECLINATION. BESII- oF fous 
gour, DIAMETER. TIME. | HOUR. 





AIDERBAL 
TIME. 


” wo 4 o , a) m. 5. s. 

20°19 ||N.22 5 28-6] 15 48-2|+42 25-93 | 0-372 
19-22 ]/ 92 18 21:5] 15 480 16:80 | 0-388 
18-25 22 2 51-1} 15 7-29 | 0-404 
17-27 92 97 57-4] 15 57-41 | 0-419 
16:29 || 22 34 40-1 15 47-18 | 0.433 | 
| 15°30] 22 40 59-2) 15 36-61 0-447 | 
| 14-31 22 46 51-5 15 25-71 | 0-460 
13-31 22 52 26-0; 15 11°51 | 0-472 | 
22 57 33-4! 15 3-03 | 0-484 
23° 216-7 15 51-28 | 0495 
23 6 356 15 39-28 | 0-503 | 
23 10 30-3 15 27-05 | 0-514 | 
23 05/15 14-62 | 0-521 
23 Gi 15 2-02 | 0-528 ° 
93 19 47-1 | 15 10-74 | 0-534: 
93:22 3-51 15 23-62 | 0-539 | 
23 93 551 | 15 36-60 | 0-542 
23 25 22-0 | 15 49-64 | 0544 
23 26 24-1] 15 2-73 | 0-546 | 
23 13 | 15 15-83 | 0-545 | 
23 27 13-7 | 15 23-91 | 0-544 | 
23 3 1-3] 15 41-94 0-542 | 
23 26 24-1115 51-91 | 0-539 
23 25 29-1 | 15 
23 “Bj 15 
23 3 | 15 
23 : 
23 
23 
23 
23 
23 
22 
22 
22 
22 
22 
22 
22 
22 
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wwr wan 
SEsBRlSSasss 
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° ’ 
June 1/N.22 6 
2 22 13 
22 20 
22 27 
22 34 
22 40 
22 46 
22 52 
~22 57 
23 2 
23 6 
23 10 
23 14 
23 17 
19 
22 
23 

8 25 
26 
27 
27 
27 
26 
25 
28 
22 
19 
17 
14 
10 

6 

2 

57 
52 
46 
41 
34 
28 
21 
13 

5 

57 
48 
39 
30 
20 
10 

0 

49 
38 
26 
15 

2 

50 
37 
24 
11 
57 

43 
oR : 
13! 
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7-79 | 0-534 | 
20-55 | 0-529 , 
33-16 | 0-522 | 
45-61 | O-515 
57-83 | 0-507 | 
9-94 | 0-498 
21-78 | 0-488 
46-0 |—8 33-38 | 0-478 
46°0 | 3 44-71 | 0-466 
46-0 | 3 55°76} 0-454 
16-0 6-52 | 0-442 
460) 4 16-97 | 0-429) 
46-0! 4 97-09 ' 0-415 | 
46-0 36:87 | 0-400 
46-0 46°30 | 0-335 
IG 55°36 | 0-369 
16-1 4:03 | 0'353 | 
22 46-1 12-29 | 0-335 | 
21 16-2 20°13 
21 46-2 27-53 
21 16-3 34-46 | 
21 463 
21 46-4 | 
21 5 4G-4 
21 465 
20 165 
20 46°6 

46-7 
46°8 
46:9 
470 
47-1 
47-2 
473 
47-4 
475 
47-7 | 6 10-98 | 0-104 
417-8'—6 819! 0-199 


op 


BOSROSSES Krotwat 


waroaor Aa 





moi 


ORK OOKONE 
he 


QOIAMHONHOMNOERUAIDOSH 
ae 
oan 


RELSSESSLSSSSESESNY 


TO stor 


~ 
ee 


e 
an 


SOI ERO INHOHN 
a 


WNW wD 
geo 
ad 
ww mo w 
a 


> 
@ 
- 


Ohm or 
SREABS 
>» 


a) 
OO 
me 


Tae Aas 
© 
ce 
re) 


ANWCHADSISOUADASORAADO OE 
4 


2K 
8g 
wo 
ho 
I 


$8 
ad 


i] AN WN AO aw pw 
o88S Sn8S885RR 
— 


wou 
— ome 
19 OG wD 19 ID 





AOOOAMHMAMHOOAAAMANAAAO Pe wD 


ie 
OG GD 0D 00 OD OD OD ER OD 9 TT DT TAT TTD OOAAM QAHAOMAHMOOMOAMAUAMOAoKoaeaaeN ea Re PE 





BKOraRK wDUSSdON 





589: 


AC 


NAUTICAL ALMAN 


iy 


Apparent Noon. (N.A. p.L.) f 
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2 
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DECLINATION. 


DATE. 
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9 39 19-36 


9 35 
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9 43 15°92 
9:47 1247 
9 51 9°03 
590, 9 55 5:58 
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G6. 45-25 | 
5 | 45 
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24 
140 36 


16 39 35-4 | 41-42 | 


16 22 53 
1G 5 55 
15 48 41 
15 31 12 
15 13 98 
14 55 29 
14 37 16 
14 18 49 
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590 NAUTICAL ALMANAC 




































' APPARENT Noo 


N.A.P.1,) 


Ivan. |f 





1 | BIDERFAL 



























DATE. | DECLINATION, ae DECLINATION. once TIME. 

ms ih wel Ge fe [GT lomBh gears: \ h. m. s. 
$Oct. 1)S. 316 13-G 58-22 'S. 3 16 237/16 1:3 1410 22:95 0-799! 12 40 40-82 
2 38 39 29:9 5813 | 8 39 40°3 | 16 16) 10 41:97 0-785 | 12 44 37:38 
8 4 2438 58-02 4 2545/16 1:9: 11 065 0771/12 48 33-93 
4 4 25 55°0 426 GO|IG 21; 11 1898 | O'756 | 12 52 30°48 
5 449 31 449 14:3/16 2-4! 11 36-94 | 0-740; 12 56 27-03 
6 512 78 512192116 2-7| 11 54-51 0-724 !13 0 23-59 
7! 535 &6 5 35 203 16 29. 12 11-67'0-706'13 4 2014 
8! 5 58 5:2 5 58171 16 3-2, 12 28-41 | 0-688 '12 § 1669 
9| G6 20 57-3 G21 94 16 35 12 44-70:0669 13 12 13-25 
10 G6 43 add 6 43 568 16 38 13 0-53'0650 13 16 9°80 
11 | G7 6 26-2 7 G388 16 40 13 15:85 0629 13 20 6-35 
12 729 23 729:150,16 43 13 3073 0-603 13 21 2-91 
13! 7 51 32-3 761 452,16 46; 18 45°07 0-586) 13 27 59-46 
14 | 8 13 558 814 $8 °16 49 | 13 58°87 0-564 13 31 56°01 
15° 8 36 12-4 8 36255 16 51) 141213 0-541 13 35 52-57 
1G 8 58 21-7 8 58 34:9'16 5-4 14 24:83 0-517 13 39 49:12 
17, 9 20 23-2 9 20 366.16 57 14 36:95 0-493 183 43 45°68 
18! 9 42 16-7 9 42 302 16 60 14 48:48 0-468 | 13 47 42:23 
19! 10 4 16 10 4152 16 G2) 14 59°42 0-443113 51 34-78 
20, 10 25 37-6 10 25 51-2 16 65) 15 9°74 O417 13 55 35:34 
21; 1047 4:2 5340) 1047 178 16 G8} 15 19:43 0-391) 13 59 31-89 
22) 11 8210 5299! 11 8 847'1G 71] 15 28-49 0364 14 38 24-45 
29.011 29: 47-7 52-56) 11 299 41-4 16 73] 15 36:89 0-336 14 7 25-00 
24' 1) 50 23-8 52:11 11 50 374'16 76 15 44°61 0-307 14 11 21-55 
25 12 11 89 51°65; 12 11 226/16 79. 15 5164 0-276 14 15 1811 
26° 12 31428 5117! 1231 564,16 81 15 57-96 0-249 14 19 14-66 
27; 1252 49 5067! 1252185 16 84! 1G 3:55 0218 14 23 11:22 
28) 13 12 151 50°16 13.12 286 16 87, 16 8-39 0186 14 27 7:77 
29 13 32 128 49-64 13 32 262 16 89] 1612-47 0154 14 31 4:33 
30 13 51 57'7 4910; 13524510 16 9:2 16 15-76 | 0°121 | 14 35 0°88 
Oct. $1 14:11 29-5 4854, 14 11 427,16 9-4'416 19:27 \ 0-088 | 14 38 57°44 

i 

Nov. 1/$.14 30 47:7, 47-97 $.44 31 0-8 | 1G 9°G|416 19:97 0-054} 14 42 53:99 
2 14 49 520) 47°38 '| 14 50 49/16 99 16 20:86 ; 0-020] 14 46 50°55 
3 15 8 419 ' AGTT 15 8 54°6 16 10-1 16 20-92 ! 0-014 114 50 47:10 
4 15 27 17:0; 4615 15 27 29-6 16 10-4 16 20°25 0-049 | 14 54 43°66 
5 15 45 37:0 45°51 | 15 45 49-4 :16 106} 16 18-54 , 0-084 | 14 58 40-22 
6 16 3 41-4 44-85 16 8 53-5 (16 108 16 16-09|0-120)15 2 36:77 
7 16 21 29-7 q 44:17) 16 21 41-7) 16 41-1 16 1278 0155'15 6 33:32 
8 16 39 1-7 | 43-48 16 39 13-4,16 11:3 16 8-62 | 0191 15 10 29°88 
9 16 56168 42:77 | 16 56 28-2] 16 11:5 1G 3°60 0:227 15 14 26°44 
10 17 18 14-7! 4204] 17 13 95-6]16 11-7 15 57:72 | 0-263 15 18 22:99 
11 17 29 54-9' 41-30] 1730 57/16 120 15 50°98 0°298 15 22 19°55 
12 17: 46:170 40°54 | 17 46 27-6 | 16 12-2 15 43°39 0334 15 26 1610 
13 18 2 20-6 39:76! 18 2 30-9/16 12-4 15 34:94; 0-369 15 30 1266 
14 18 15 5-4 38-UG | 18 18 15-4] 16 12-6 15 25°64 j 0-404 | 15 34 9:22 
15 18 33 308 36°15 | 1B 20 RR 1G 19:8 15 15°51 0439 15 38 5:77 
16! 19 49 36:5 87-32] 18 48 45-6;16 131] 15 4-5410-474/15 42 2-33 
17! 19 43 220 | 36-47 19 3 311/16 13-3 14 52°76 0:°508 | 15 45 58°89 
1R| 19 17 470 3561 19 17 55-7} 16 43:5 14 40°16 0541 °15 49 55-44 
19, 19 31 51:1 | 34:73 19 31 59-4 | 16 13-7 14 26:76 0-574 15 53 52-00 
20 | 19 45 33-8 | 33°53 19 45 41-8) 16 13-9 14 12-57 0-607! 15 57 48°56 
21, 19 58 51-9) 32:92 19 59 25/16 14-1 13 57-59 0-640!16 1 4511 
22! 2 Ll 53-9] 31-99 20 12 1-2416 14:3 13 41-83 0-673 16 5 41-67 
23 20 24 30°5 | 31-05 20 24 37-5116 14-5 13 25:30 ,0:705 16 9 38:23 
24 20 3G 44°5 | 30°10 20 36 51:1} 16 14-7 13 800 0-736 16 13 34:78 
25 | 20 48 35-4 | 29°14 20 48 41-6] 16 14-8 12 49°94 0-768 16 17 3134 
26 21 0 30] 2816 21 0 §9/16 150 12 31:14 0-799 16 21 27:90 
27 21:11 7:0)27-17 2111 12-5)16 15:2 12 11-61 0-329! 16 25 24-46 
28 21 21 47-1 | 26 16 | 21 21 52:2] 16 15-4 11 51-35 85 16 29 21-01 
99; 21 32 29) 2515 21 32 77/16 15:5! 11 30:38 U-846 16 33 17-57 
Nov.39 | vi 41 512! 94-12 | 2141 587] 16 15-7!411 873 0-916 | 16 37 14-13 
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APPARENT Noon. (N.A.P.L) || Mean Noon. (N. A. v. IL) 
var. | RUN'S EQUATION VAR. 
DATE. | DECLINATION, | IN] | DECLINATION, SEMI- i OF int Meera 
How ! a DEAMETER.! TIME. HOUR, mas 
= Tr ee all oD is ie > w | ma, | & h. m. 3s. 
Dee. 1 §.21 51 20°7 23:08 'S.21 51 24-8} 16 15°8 ‘410 46-41 | 0-944 | 1G 42 10-69 
2, 22 0 221'2203 22 0 959/16 159, 10 2343!0.970!16 15 7-94 
3, 22 $591 2096) 22 9 16}16 161' 9 59:82/0-996!16 49 2-60 
4, 8217 S84 1989. 9217 116/16 162' 9 35-60) 1021116 53 0.36 
5' 2294 599 18:81 | 92 24 558]16 163] 9 10°S0 ; 
Gi 22 3211-2 1771] 2232197116165) 6 45-44 
7\ 2239 30/1660] 22 39 53)]16 166} 8 1954 
8| 22 45 28-2/15-49 || 292 45 302116 167] 7 5313 
9! 29 51 26-6. 14-37!] 22 51 29-4116 IGS] 7 26-24 
10-28: 56 .57:9' 13-24} 22 56 595416 169! 6 53-90 
11, 23 2 21:1210) 23 2 34/16 170} 6 81° . 
12' 23 6388 1095; 23 6399!I16171! 6 “BE 
18} 23 10 47:9: 9-80 488/16 17-2] 5 +3 
14 23:14 293 864 30-:0,16.173] 5 5 o4 
15. 2317 428 748, 4124/16 174] 4 oT 2-50 
16) 23:20 254 631] 296!1G 175! 4 744 9:06 
7 9320458 BIsh ¢ 461116 17-6] 3 37-98; 5-62 
4 351 3-96 : 363/16 17-7] 3 8:37 217 
G1 278! 23 25 56-2116 17-8] 2 33-61 $73 
487 160 23 26 188!16178] 2 8-82 529 
131 043, 23 27 13:1 | 1G 17:9 1 33°91 \ 1-85 
92. 0-75 | 91'16 180] 1 903 8-41 
9 1-93 369116 180] 0 3932 7 5B 
rf Ba. 5 864/16 181 ]-+ O 9:25 M 
6 429! 7-6| 16 18:1!— 0 20-56 15 
6 B46; 33 22 106/16 181} 0 50:27 19 
4 663) 2319 455,16192| 1 19°85 23 
780, 23 16 524,16 182! 1 49-27 27 
807; 23:13 813/16 182) 2 15:50 31 
113] 23 9423/16 182] 2 47-51 35 
1128 “3 5 255 | 16 18-2 |—,3 16-27 39 








THE SUN'S RIGHT ASCENSION. 





| 
Apparent Noon. | Mzan Noon. 
I 
a 
DATE. RIGHT in 1 gee 
ABCENBION. | , oy, | ASCENSION. 
h.m. &. 8. {h.m. 8. 
Jan. 11] 19 32 2:75 | 10°838 9 32 1:27 


| 

& 

Feb. 23 | 22 26 53:88 | 9-498 | 22 26 51:72 
Mar. 14 | 23 37 33-44 | 9°151 23 37 32°02 


15 | 23 41 12:94} 9°141 || 23 41 11:57 
Apr. 12] 1 23 1861] 9°:198 | 1 23 18-49 
May 21 | 3 52 40:41} 10°019 } 3 52 41:01 
26 | 412 49°06 | 10°:123 | 4 12 49-60 
27) 4 16 52-23 | 10°142 | 4 16 52°76 
Sept. 6 | 11 9 1983] 90177} 11 0 20:10 
7] 11 35615] 9010) 11 3 56-46 
Oct. 5] 12 44 48°33 | 9°114 | 12 44 50:09 


20 | 13 40 23-21 | 9°438 | 13 40 25°60 
Deo. 3 {16 39 217 | 10856 ' 1639 3:98 
11/17 14 3°93 | 11024 | 17:14 5:12 


Soa EREREEEEEEEEEEEEE eee 


592 ELEMENTS FROM NAUTICAL ALMANAC 
THE MOON'S RIGHT ASCENSION AND THE MOON'S 
DECLINATION. UPPER MERIDIAN 
PASSAGE. 


VaR. 
In 10 DECLINATION. DATE, MER PASS 
ay, 


RIGHT 
ASCENSION. 


o * ” 


' : 
s. 
19-929 | 10 4 29-4N. Jan. 25 
| 


B 


Aw waAraUnwOs! 


19-930 


19°651 
19-632 
21°'515 
21°519 


19-500 
19°513 
25-974 
25-993 


20°449 
20-483 
25°496 
25°470 92:5 
19-394 39-6 N. 
19°390 48:5 


23-503 13:3 S. 
23-563 40-9 
26 19242 58-2 N. 
19-228 0-3 


June 25 18861 34-3.N. 
18-874 93:2 

28 22:°467 39-8 S. 
22:540 16-1 

Aug. 7 : 20°758 SIN, 
20°765 121 

Sept. 22 25°814 52:5 8. 
25-840 27 

28 22:230 38°6 8. 
22°206 11-7 


25-593 42°4 
25°586 50-4 


22°341 24-1 
22:299 79 
23°363 35 
23°303 44:8 
21-250 23°4 
21:219 45-4 
20-763 26 
20°748 18-2 


1016 85 26 
13 40 33-9 N. 27 
13 30 18-2 28 
35 38-4 .N. 29 
37 41-1 30 
36-0 N. 1 
26-0 S. a 
57:3 S. a 
16-5 
21-0 S. 
35-0 
19:3 S. 


unsat 


232 CRSBod 


14 


NHoOw oA 


5 


e mm 
So Hownmbes BBam aumes ome 


12 
30 


May 5 








LUNAR DISTANCES, THE MOON'S SEMI-DIAMETER AND 
HORIZONTAL PARALLAX. 





BUN OR PL, 
8TAR's NAME DATE DISTANCE OF 
AND POSITION DIFF, 5 
pa oa ao | Seut-Diaweren. Bee 
Spica E.| Feb. 6 0 | 48 58.41 | 3013 Pee, eS 
3 | 47 28°43 | 3009 7 : 
6 | 45 58 42 | 3008 mann, | §°O%- | wrann, 
Sun E. | Mar. 14 15 | 77 33 10 | 2613 tg 
18 | 75 54 33 | 2605 CW Pre @ |e ae en 
21 | 74 15 45 | 2596 ; 15 53-7 | 15 45-7 | 58 140 | 57 44-9 
Sun E.} Apr. 12 3 | 87 44.54 | 2615 23°65 | 15 17-0 | 56 23°5 | 55 59-7 
6186 6 19 | 2613 é 55-1 | 14 57-9 | 54 39°5 | 54 49-7 
9 | 84 27 42 | 2612 49-1 | 14 47-4 | $4.17-4} 54 10-7 
Sun W.| May 2615 |92 2 46 | 3347 17-7115 21-7 | 56 2 16-7 
18 | 93 26 3 | 3337 69/16 10-7 | 59 2 16-2 
a1 | 94 49 32 | 3327 14-0 | 16 171 | 59 28° 39-7 
Mara E. | June 25 0| 56 10 7 | 2861 30°0 345 " o7 
3 | 54 36 58 | 2850 38-9 43/1 : 35-1 
6| 53 335 | 2938 10-4 111 - 17-7 
Fomalbaut W. | Aug. 6 21 | 69 56 24 | 2852 75 12-4 429 
2 0} 71 29 44 | 2865 52°4 55-5 ; 40-7 
34193 2 48 | 2877 59-2 36 . 10°5 
Venua W. | Beopt. 22 0 | 50 57 17 | 2698 76 13-2 45°8 
3 | 52 33 59 | 2683 48°5 56-3 : 23-7 
6/541 1] 2669 40 11-4 18°8 
Sun W.| Oct. 20 0 | 80 28 23 | 2685 : 31-2 24-4 26-9 
3} 82 § 23 | 2678 34-0 | 16 38-0 ; 56°3 
6 | 83 42 32 | 2670 


96) 16 9:9 4 13-3 
25°3 | 16 21-0 59 54-0 


Altair W. | Nov. 
32/16 63 01 
16 9°2 ; 10°9 
1% 71 - v1 
16 16°8 : 38°6 
16 10°8 $ 16°9 
16 37 : 50°8 
15 559 ' 22'3 


Markab E, | Dec. 





Aldebaran EE. | Doo. 





OVNVIVIV TIVOILQOVYN WOUA SINANTITA 


£65 





5904 ELEMENTS FROM NAUTICAL ALMANAC 


THE PLANETS' RIGHT ASCENSION, DECLINATION AND 
HORIZONTAL PARALLAX. 


4UGHT VAR. IN | VAK, IN 
N x 
ASCENSION 1H. ov} PECEINATION | 5 on! wep. 
4T Noox. ! LoNG. 


him. ss. | 8. 
14 14 25°59 | +9°88 | 15 59 28:3 8. | +640 ; 11:5 
14 49 50°57 19 35 12-9 
14 53 44°91 19 57 


17 7 36-62 28 1 48: " 
17° 8 53-58 2B 0 2h 


Ne 


33-1 
15 42 28-53 22 40 . 
15 41 56-99 22 40 are 
20 59 4-85 17 43 ; 2-0 
20 59 1:23 1744 2 
20 28 37°23 19 52 39° 1-7 
20 29 621 19 50 
20 44 16:47 18 53 


20 44 59:34 18 50 56: 16 
20 45 42-65 18 


3 
12 
23 
5 
6 
7 
25 
26 
4 
5 
5 
6 
1 
2 
3 
4 





THE PLANETS’ DECLINATION FOR LATITUDE 
BY MERIDIAN ALTITUDE. 












DECLINATION 
AT TRANSIT 
AT GREENWICH. 


er « 
Venuga | Dec. 31 | 16 49 2571 
Mars Feb. 20/18 9 36:8 

Jaly 6 | 22 45 47-2 
Jupiter | Sept. 12 | 20 20 55:7 
Baturn | Mar. 6 | 13 21 17-2 





2nnnn 





ELEMENTS FROM NAUTICAL ALMANAC 595 
APPARENT PLACES OF STARS. 





h. m. 
429 





@ Tauri (Aldebaran)...csesee 


a Auriga (Capella) ..ccccocscecee | 5 8 


a Argus (Canopus) ..eccccrscoceee | 6 21 


a Canis Majoria (Sirius) ......... | 6 40 


a Canis Minoris (Procyon) ...0. | 7 33 


a Leonis (Regula) secersscrereee | 10 2 


@ Uram Majoris (Dubhe) eo. | 10 56 


12 20 
13:19 





B Gaminorum (Polluz) secseee 7 38 


y Urse Majoris (Benetnasch)... | 13 43 
a Bootia (Arcturus) ....ccccccceree 14 10 


a? Centauri ..........6- eonseoscaces 14 32 
@ Scorpii (Antares) ...ccccccceeeee | 16 22 


a Lyrw (Vega) .... 
@ Aquilw (4lsair) . 





a Gruis (22 1 
a Piseis Australis (Fowalhaut) ; 22 51 
| 


@ Pegasi (Markab) ..s.scceceeeese | 22 59 





BIGHT 
ASCENSION. 


5. 
36°51 
35°85 
38-49 
39°80 
39°91 
39°93 
33:99 
33°86 
34-03 
34-43 


29°13 | 


28:47 


18°55 : 


18:56 
20°81 
21-12 
32:83 
32°96 
33-05 
32°89 
34°04 
35°30 
35°46 
30°61 
30°88 
31-11 
31:29 
31-54 
31-40 
31-30 
33°10 
58°33 
58-30 
55°36 


55°17 ! 


55°42 
58-73 
29°83 
23°55 
23°83 
25°24 
12-49 
12:27 
39°80 
39°22 

8°95 
10°24 

993 
39°93 
40-22 
41-60 


10°52 | 


25°81 
25°71 
19 74 


36°13 
36°39 
36 61 
18 43 


5 
| 


DECLINATION. 


5 


16 


bn 8 


62 


62 
10 


49 
19 
60 


26 


38 


. 47 
35°85 | 


30 


14 


17 


2 


SAS 4 — NAMARHNS 
BRS ASTORSRSESRSRATAS HSeSRs 
YNAMNWAAAHRANNOUINABOIOWNOUNARAAW 
22 Z nm Z 
se 
Bee te ee 


REBE 


63 


4 DDO ND 


37 
33 


30 


17 


64-6 
20 42-0N. 
44-7 
53°3 
§1°5 
30-8 
12:5 
28 101°0 S. 
35 10-7 S. 
12°€ 
21-8 
51 565N. 
55-2 
44 TS8N. 
64-2 
22 310 S. 
605 


11 1385S. 


40 48- 
34 


4% 


29 
12 
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